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FOREWORD

This document provides information to aid in understanding and using the information stored in

the LongTerm Pavement Performance (LTPP) program Information Management System

(IMS). The IMS consists of the Pavement Performance Database (PPDB), LTPP Traffic Analysis
Software (LTAS) database, and Ancillary Information Management System (AIMS) ardhives.

you are interested in using LTPP data for a specific pavement researdivepjds document
serves as a reference guide to LTPP data.

The InfoPaver website provides a modern interface to LTPP data that enatles and
experienced data users unprecedented access to LTPP data using a wide varistgraf tool
featuresThe InfoPave website is attps://infopave.fhwa.dot.gov/

The LTPP program is an ongoing and active program. To obtain current information and access

to other technical references, LTPP data users should visiTtie Web site at
http://www.fhwa.dot.gov/research/tfhrc/programs/infrastructure/pavements/Itpp/

LTPP data requests, technical questions, and data user feedbawoi submitted to LTPP
customer service viamail atltppinfo@dot.gov.

Dr. Cheryl Allen Richter
Director, Office of Infrastructure
Research and Development

Notice

This document is disseminated under the spongoo$tthe U.S. Department of Transportatior
in the interest of information exchange. The U.S. Government assumes no liability for the
of the information contained in this document. This report does not constitute a standard,
specification, or regulain.

The U.S. Government does not endorse products or manufacturers. Trademarks or
manufacturersd names appear 1in this repo
objective of the document.

Quality Assurance Statement

The Federal Highway Admisiration (FHWA) provides higlyuality information to serve
Government, industry, and the public in a manner that promotes public understanding. Stz
and policies are used to ensure and maximize the quality, objectivity, utility, and integrity ¢
information. FHWA periodically reviews quality issues and adjusts its programs and proce

use

rt

andards
f its
sses to

ensure continuous quality improvement.
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi® square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m®
yd® cubic yards 0.765 cubic meters m®
NOTE: volumes greater than 1000 L shall be shown in m®
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or "metric ton") Mg (or "t")
TEMPERATURE (exact degrees)
°F Fahrenheit 5 (F-32)/9 Celsius °c
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fi foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibffin? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m® cubic meters 35.314 cubic feet ft®
m® cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces (074
kg kilograms 2.202 pounds b
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 Ib) T
TEMPERATURE (exact degrees)
© Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
IX lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
(Revised March 2003)
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CHAPTER 1. LTPP PROGRAM OVERVIE W

BACKGROUND

During the early 1980s, the Transportation Research Board (TRB) of the National Research
Council, under the sponsorship of the Federal Highway Administration (FHWA) and with the
cooperation of the Amaran Association of State Highway and Transportation Officials

(AASHTO), undertook a Strategic Transportation Research Study (STRS) of the deterioration of
t he Nationés highway and bridge infrastructur
HighwayResearch Program (SHRB® initiated to focus research and development activities on
improving highway transportation. The study report, published in 1984 as TRB Special Report
202,Amer i cabds Hi g hgvte pearch fok mmoeatipeecominanded six strategic
research areaglransportation Research Board 198#g LongTerm Pavement Performance

(LTPP) program was one of these areas. During 1985 and 1986, independent centractor
developed detailed research plans for SHRP. The detailed research plans were published in May
1986 as a TRB report entitl&trategic Highway Research ProgradrResearch Plans

(Transportation Research Board 1986)

The LTPP progem was envisioned as a comprehensive program to satisfy a wide range of
pavement information needs. It draws on technical knowledge of pavements currently available
and seeks to develop models that will better explain how pavements perform. It also seeks t

gain knowledge of the specific effects on pavement performance of various design features,
traffic and environment, materials, construction quality, and maintenance practicesugh

data become available, analyses are conducted to provide bettemaerde prediction models

for use in pavement design and management; better understanding of the effects of many
variables on pavement performance; and new techniques for pavement design, construction, and
rehabilitation.

The strategy behind the LTPP pragr represents a significant shift in the traditional research
approach. Traditionally, pavement performance research was divided into specific topics of
limited scope and duration, which started with data collection and ended with recommendations
based oranalysis of the collected data. To overcome some of the challenges posed by the study
of pavement behavior in shedrm efforts, the LTPP program was established as attng

national effort. Under the LTPP paradigm, data collection is conducted incghthe

development of many specific data analysis objectives. Since individuals not involved in data
collection operations conduct many of the important data analyses, the LTPP program has
invested in the development of a publicly accessible databdsgasabase user tools.

OBJECTIVES AND SCOPE OF THE LTPP PROGRAM

The overall objective of the LTPP program is to assesstienmg performance of pavements
under wvarious | oading and envi r oenspeeifitt al condi
objectives for the LTPP program are:

1. Evaluate existing design methods.



2. Develop improved design methodologies and strategies for the rehabilitation of existing
pavements.

3. Develop improved design equations for new and reconstructed pavements.

4. Detamine the effects of: (a) loading, (b) environment, (c) material properties and
variability, (d) construction quality, and (e) maintenance levels on pavement distress and
performance.

5. Determine the effects of specific design features on pavement perfe@imanc
6. Establish a national loagrm pavement database to support future needs.

The LTPP program is a study of the behavior of pavement test sections locatesonce

roadways. These pavement sections have been constructed using highway agencyispscificat

and subjected to reéfe traffic loading. These hservice pavement sections are classified in the

LTPP programunderGeneral Pavement Studi@SPS) and Specific Pavement StudigBes).

GPS consist of a series of studies on nearly 8@@ivice pavement test sections throughout the
United States and Canada. SPS are studies of specific variables involving new construction,
maintenance treatments, and rehabilitation activities. Apprabaly 1600 test sections were
constructed at SPS project sites. As the test sections on SPS projects aged, they were reclassified
into GPS experiments when a new rehabilitation treatment was applied.

TEST SECTION DESIGNATIONS

To provide a logical basi®f test section designations, a brdm$ed experimental approach has

been used. Test sections are classified as GPS or SPS. The fundamental difference between these
two classifications is that at the start of the LTPP program, the GPS test sectionstigug ex
pavements and the SPS projects are sites where multiple test sections of differing experimental
treatment factors are constructed. When a rehabilitation treatment that is not part of a defined

SPS project is applied to GPS or SPS test sectioreshedction is reassigned to one of the GPS
rehabilitation experiments.

While the LTPP test section classification methodology is based on experimental concepts, data
users are encouraged to develop their own classification methods to meet specificahnalyti
objectives. For example, ti®P S e x p SPSldatsadesignedito extend the findings from the
GPS s tGP&Iioendil GiR2S, thus a user may wish to use test sections from both
experimentlassificatiors in theirinvestigation

In thepublished literature, LTPP projects are designated by experiment designs. A factorial
combination approach was used for the development of the experiment design designation of
each GPS and SPS experiment. This approach requires the identification oépiaaed
environmental/loading factors considered to have an influence on performance of the pavement.
Pavement factors include variablshas layer thickness, base type, base thickness, joint
spacing, and percent steel reinforcement, which are var@pagpriate for the pavement type

being studied. Environmental/loading factors include moisture (wet/dry), temperature (freeze/no
freeze), subgrade classification (fine/coarse grained), and traffic loading rate (low/high).

The combination of these selegdtiactorsformsan experimental factorial that is used as the
sampling basifor testsections included in each study. Within GPS, these factorials are more



properly considered as sampling templates used in the selection of pavement structures included
in the studies. Since GPS consists mostly of pavements that were constructed and in service prior
to the start of the LTPP program, it is impossible to find pavementsaiiitie combinations

defined within the factorial. SPS is a more controlled experimggptiring construction of the

specified pavement structures. While the SPS experimental factorials are closer to a classical
experiment design, betwesite construction deviations should be considered in many types of
statistical analyses.

General Pavemeh Studies

The GPSorogram is a series of studies on selecteskivice pavements structured to develop a
comprehensive national pavement performance database. These studies are restricted t
pavements that incorporate materials and designs representing good engineering practices and
that have strategic future importance. Because of the nationwide thrust of the program, the
studies are limited to pavement structures in common use acrossitbe States.

The GPS test sections are located on pavement structures constructed up to 15 years prior to the
start of the LTPP program. Although detailed resedéaehl measurements on these pavements
during the early years of their lives are not avd@athe GPS test sections offer the potential for
development of earlier results than those possible from newly constructed test sections. As the
SPS test sections are rehabilitated, they are reclassified into the GPS experiment designations.
Tablel provides a list of the titles of each of the experiments. A more comprehensive definition

of each experiment is provided in appendlix

It should be noted that the proposed &PSudy of bondegortlandcement concret@P?CC)
overlayson PCC pavements was not pursued because of lack of an adequate number of
nominated irservice projects. An SPS study on bonded PCC overlays7 SP& formulated to
address this type of rehabilitation alternative.

Specific Pavement Studies

The SPS program is a study of specially constructed, maintained, or rehabilitated pavement
sections incorporating@ntrolled set of experiment design and construction features. The SPS
programincorporates testudies grouped into trex categories as illustrated Gyble?2.

AppendixA provides a more complete definition @fal of the experiments.

Essentially, the SPS program involves monitoring newly constructed sections or existing

pavement sections subjected to maintenance or rehabilitation treatments. Each SPS experiment
requires construction of multiple test sectionsath site. The number of test sections range

from two for SPSB to twelve for SPL and-2. In addition, a highway agency may construct
supplemental test sections on a SPS site to investigate other factorsest iat¢ine agency. The

following definitions apply only to the core sections within each experiment. The supplemental
sections that may have been constructed by a highway agency are based on the respective
agencyo6s resear ch i nconsisteatamong higimwady agenaes.t y pi cal |y

The GPS6, GPS7, and SPS experiments have stdxperiment designations based upon when
the construction was performed, type of pavement structure, construction treatments, and types



of materials used. These sakperimat designations can be used to sort test sections into
general pavement family categories.

Table 1. GPS experiment designations

Experiment Experiment Title
GPS1 Asphalt Concrete (ACPavement on Granular Base
GPS2 Asphalt Concrete Pavement on Bound Base
GPS3 Jointed Plain Concrete Pavement (JPCP)
GPS4 Jointed Reinforced Concrete Pavement (JRCP)
GPS5 Continuously Reinforced Concrdtavement (CRCP)
GPS6 Asphalt Concrete Overlay on AC Pavement
GPS6A Existing AC Overlay of AC Pavement (at the start of the program)
GPS6B AC Overlay Using Conventional Asphalt of AC Pavendeio Milling
GPS6C AC Overlay Using Modified Asphalt AC Pavemerd@ No Milling
AC Overlay on Previously Overlaid AC Pavement Using Conventional
GPS6D
Asphalt
AC Overlay of Milled AC Pavement Using Conventional or Modified
GPS6S
Asphalt
GPS7 AC Overlay on PCC Pavement
GPS7A Existing AC Overlay on PCC Rament
GPS7B AC Overlay Using Conventional Asphalt on PCC Pavement
GPS7C AC Overlay Using Maodified Asphalt on PCC Pavement
AC Overlay on Previously Overlaid PCC Pavement Using Conventiona
GPS7D Asphalt
GPS7E AC Overlay Using Conventional or Modifil Asphalt on Fractured PCC
Pavement
GPS7R Concrete Pavement Restoration Treatments With No Overlay
GPS7S Second AC Overla_y, Whic.h Includes Milling or Geotextile Application, o
PCC Pavement With Previous AC Overlay
GPS9 Unbonded PCC Overlay on PGavement




Table 2. SPS experiment names by categary

Category Experiment | Title
Pavement SPS1 Straegic Study of Structural Factors for Flexible Pavements
?;réjt%trusral SPS2 Strategic Study of Structural Factors for Rigid Pavements
Pavement SPS3 Preventive Maintenance Effectiveness of Flexible Pavements
Maintenance SPS4 Preventive Maintenance Effectiveness of Rigid Pavements
Pavement SPS5 Rehabilitation of AC Pavements
Rehabilitation SPS6 Rehabilitation of Jointed Portland Cement Concrete (JPCC)
Pavements

SPS7 BondedPCC Overlays of Concrete Pavements
E?f\ellé?snmental SPS8 Study of Environmental Effects in the Absence of Heavy Load
Asphalt SPSOP Validation and Refinements of Superp#ephalt Specifications
Aggregate and Mix Design Process
Mixture SPS9A Superpave Asphalt Binder Study
Specifications | SPS9C AC overlay on CRCP

SPS9J AC overlay on JPCC

SPSON New AC Pavement Construction

SPS90 AC Overlay on ACPavement
Warm Mix
Asphalt SPS10 Warm Mix Asphalt Overlayof Asphalt Pavemerstudy

TEST SECTION LAYOUT

Generally, each GPS and SPS test section consistk5@raeter(m) (506foot (ft)) monitoring

portion with a 15.2m (50ft) materials sampling section at each édd.GPS test sections, a
maintenance control zone, extending 152 m (500 ft) in front of and 76 m (250 ft) beyond the
limits of the monitoring section, has beestablished around each test section as illustrated in
Figurel. Since SPS projects consist of multiple test sections constructed for a single project, the
maintenance control zone is extended to cover groups of adjoining sectiltustrased in

Figure2.

| o Tessecion e 1
#

L 152 m 152 m R 76 m ‘l

I (500 ft) (500 ft) (250 ft)

Source: FHWA
Figure 1. lllustration. Layout of a generic GPS test section.
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Source: FHWA
Figure 2. lllustration. Example layout of a generic SPS projet.

The exceptions to the 152 (500ft) long test section include the craakdseattest sections in
the SPS6 andsupplemental sections on so®S4 experimensites.The crackandseat
sections on SRS are 305n (1,000ft) long, while agency supplemental sections have been
constructed both shorter and longer than them%200ft) standard section.

LTPP Database Tip!

The database has not been completely converted to metric units. Some of the modules afe in the
International System of Units (SI) and some are still in the U.S. customary units. The unitg for

every data element are stored in the LTPP data dictionary (LTPPDD) table. Units should lhe
checked to ensure that calculations are performed with consistent units.

The LTPP program uses test section and project station location consenhieriest section
locationconventionis based on the starting point of the monitoring portion of the section being
assigned a station of 0. Thenpitudinal locations in the direction of traffic aheenassigned

positive stations. When the LTPP program was started, longitudinal locations were designated
using U.S. customary units of 16030.5m) stations. However, in the database, longitudinal
locations are converted to metric meter stations. Thus, the original 5+00 test section station
painted on the pavement surface is represented as 152 m in the POINT_LOC field in the
database. (Note: For data users reviewing film or video of LTPP testrsggiainted white

cross markings are located at 3Mm{100ft) intervals.) The project station location convention
applies to SPS project sites where more than one test section is located.

LTPP Database Tip!

The SPS_PROJECT_STATIONS table can be usedials t@able to associate both GPS and
SPS test sections ¢ocated at an SPS project site. In this table, the TEST_SECTION field
contains a joined STATE_CODE+SHRP_ID that can be used to identify specific test sectipns.

A project location convention is usadhere multiple test sections are located on the same SPS
project site. SECTION_START and SECTION_END in SPS_PROJECT_STATIONS contain
project station location information. The project station convention starts with station 0 assigned
to the first test seitn located at the project site in the direction of travel. Some SPS test sites



have test sections located on opposite sides of the road, and in these situations, station 0 is
assigned to the first section in either direction of travel.

REFERENCE MATERIALS

LTPPdataare contained in the Library feature on the InfoP¥wad on the FHWA LTPReb
sites The documentbsted under Program DocumentationlafoPaveéM provide details omll
the LTPP data collection activities stored in the LTPP database.
https://infopave.fhwa.dot.gov/Reports/Library/A20

The FHWA LTPP web site also contains FHWA LTPP publications on documentation of the
LTPP program test methods, policies, procedures, and anaysits.
https://www.fhwa.dot.gov/research/publications/technical/infrastructure/pavements/Itpp/



https://infopave.fhwa.dot.gov/Reports/Library/A20
https://www.fhwa.dot.gov/research/publications/technical/infrastructure/pavements/ltpp/




CHAPTER 2. PAVEMENT PERFORMANCE DATABASE OVERVIEW

LTPP INFORMATIO N MANAGEMENT SYSTEM

The overall system used to manage information intended for public dissemination by LTPP is
called the Information Management System (IMSgure3 illustrates major components of the

IMS, which includes product®avement Performance Database (PPDB), and Ancillary
Information Management System (AIM$)roducts are program results that can be used to
improve pavement performance. The PPDB is the formal database that contains tity ohajor
research data on the performance of the LTPP test sections in an electronic relational database
format. The AIMScontainthe larger electronic base of raw data files used to populate the PPDB
and other information not contained in the PPDB.

LTPPIMS

« Pavement Structure

» Material Properties
* Distress Measurements

* Climate
* Traffic Loads

* Raw data files
AIM S * Distress map images
* Testsection photos & video
oy
\

* Scanned data forms

Source FHWA

Figure 3. lllustration. The major categories of the LTPP IMS include Products, PPDB, and
AIMS.

LTPP PPDB

The PPDB was designead storemost ofthe data collected by the PP program for easy and
convenient dissemination and use. The PPDB is a relational database originally implemented in
Oraclé' 5 format. As of this writing, the production database is implemented in ®Orbzldo



harness the power of relational databasesdnipulate large amounts of data at a reasonable
cost, most users prefer to obtain data from the production database in an alternate database
format. (See chaptd8 for data request procedurePata sets generated by the user through
InfoPave may be digered in Microsoft® ExcelAccess or Microsoft® SQL formats Fixed
collections of data are available in Microsoft® Acc28822003 whichis compatible with
subsequent versions of Microdbficcess. This may change in the future. International data
uses, who do not have access to the Englistyuage version of Micros8fAccess20022003

or subsequent compatible versiomsy wish to request customized extractions in other forimats.

RELATIONAL DATABASES AND STRUCTURED QUERY LANGUAGE

The LTPP PPDB is eelational database, meaning that it is composed of separate, but related,
tables of data. The i mportance of a dateadreati ona
stored in a simple row/column format in tables (rows are referred to as raodrdslumnsire

referredto as fields). Each row of data is uniquely identified by the valuepimery key

column or a combination of columns (most of the tables in the LTPP database use multicolumn
keyfields). In addition, relationships exist amotige tables of the database that are represented

by common data values stored in more than one table. For example, many data tables contain
STATE_CODE and SHRP_ID columns, which are how test sections or projects are uniquely
identified. These fields can losed to locate data for a specific test section in many tables.

One characteristic of the LTPP database is that it isdeslfribing. This means that information
about the structure of the database is represeavitkih the database structuféhe data
dictionary,stored in the LTPPDD table, includes much of this information. Users unfamiliar with
the database should examine LTPPDD and learn how to use it.

Structured Query Language (SQL) is the standard langoagentrolling and interacting with
relational databases. It is supported by modern relational database management systems
(RDBMSS). For data users, one of the most important features of SQL is its ability to retrieve

and combine data elemsrstored in multiple tables based on conditions set by the user. SQL can
be used to extract, combine, count, and perform basic mathematical computations on data stored
in database format. To harness the full power and convenience of the LTPP database, use
should become familiar with SQL.

QUALITY CONTROL

For equipment measurements, quality control (QC) procedures include routine calibrations, data
checks during acquisition, and data checks prior to database loading. Large amounts of data are
supplied on pper forms from many different agenci€C checks on this information consist of
reviews of completeness and validity of the provided information.

Data in the database undergo several levels of data quality checks. The resulesdid¢bks
are recorded in the RECORD_STATUS fidldlost data tables contain a RECORD_STATUS

1 As of this writing, LTPP has not established support forBoglishlanguage database
formats. Please contact LTPP customer support for nonstandard data extraction requests.
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field. Originally, five categories of checks (levelsd &) were programmed as described below.
Currently, most data modules have only threegaties of checks: levels C, &nd E.

T

Level A Checks: All data records begin at leveldkiginally, random checks of data
were performed to ensure correct data transfer from regional databases to the central
database. This check is performed by comparegrd counts before and after a data
transfer from the national LTPP Data Entry Portal (LDEP) to the central PPDB. This
check does not cause a change in record status.

Level B Checks: Originally, level Basa set of dependency checks performed to ensure
that basic essential section information had been recorded in the PR&X®. checks

have been incorporated into the E level checks for most modules, but still exist for some
tables in the TST module.

Level C Checks: These are checks to identify critfdtls that contain a null value. In

some cases, these checks are supplanted bgulborestrictions placed on critical fields
during the table design that prevent a record from being created if a value for that field is
not entered.

Level D Checks: Thesare range checks on the validity and reasonableness of values
entered in a field. For example, the range checks for deflection data from the center
sensor on a fallingveight deflectometer (FWD) is 5 to 2032 micrometems)

Level E Checks: These checlee relational checks between data stored in other fields.
This category contains a wide range of checks. The common property of these checks is
that they compare the value in one field of a table to the value in another field that may or
may not be in theame table. For example, a lefzetheck is used to see if pavement

layer temperature gradient da&t@st for each FWD data set. In addition, lelzethecks

are used to enforce referential integrigtween parent and child tables.

These QC checks are performed sequentiaflyel D checks are applied only to records passing
level C checks, antkvel E checks are applied only to records paskmgl D checks. Record

statuses of A and B are used fotadénat either have not undergone QC check processing or

have not passed tlevel C checks. If a record fails a check, its record status remains at the next
lower status. For example, records failinigweel D check have a status of C. Alternatively, the
record status can be manually upgraded if the record has been examined and has been found to
be acceptable.

The QC checks applied to LTPP data are limited. It is not possible to inspect all of the data for
all types of potential anomalies. As the prograrohees and improvements are made to the data
QC checkslevel E data included in previous releases may be reclassified. Recordeveith

status can mean any of the following:

1 Records have passed all of the data checks.

1 Records may have failed some detti@cks; however, they have been manually upgraded

after inspection and data editing.

11



1 Records may contain errors that have not been detected by the current data review
process.

Records with a status of less than E can be interpreted as:
1 Records have not oapleted the QC process.

1 Records have completed the Qfcess buivere left at a lower level of record status
because they contained a flaw.

Data users assume the responsibility for conclusions based on interpretation of data collected by
the LTPP progranievel E data should not be considered as more reliable thatewelE data.

Likewise, nonlevel E data should not be considered less reliablelthai E data. The record

status for nodlevel E data can be used as a relative indicator of potenti@sgkat might exist

for these data. As the LTPP program continues to evolve, users can expect changes to be made to
LTPP data to improve their use in analyses.

GPS AND SPS SECTIONDENTIFICATION

LTPP test sections fall into one of two categor@BS orSPS. From the database viewpoint, the
critical difference between GPS and SPS sections stems from the fact that multiple SPS sections
are colocated on a single project. This-lmzation allavs these sections to share climatic, traffic,

and some materials data. Sectiondamated on an SPS project are identified as sharing a
STATE_CODE and PROJECT _ID in the SPS_PROJECT_STATIONS table. The
TEST_SECTION field in this table contains the actudR® _ID of the test section. The

SPS PROJECT_STATION@Eblealso includes information about the location of these test
sections relative to each other.

LTPP Database Tip!

The GPS_SPS field in the EXPERIMENT _SECTION table identifies whether a section & § GP

or SPS section. The SHRP _IoDThieelfdrfsor cBg%asce e
for SPS sections is always a 0 or a letter. Over time, some SPS test sections are reassigrjed to

GPS because of a rehabilitation activity; however, they rdtaioiginal SHRP_ID. However,
all sections with a SHRP_ID beginning with a 0 are not SPS. A GPS test section in Texas|has a
SHRP_ID of 0001. Always check the GBS field in EXPERIMENT_SECTION before
assuming that a section is an SPS section becauseSHRP_IDdesignation

MODULES

In the previous versions ahe LTPP public databaseeleasedatabase tablegereclassifiedinto
modulescontaining similar sets of tablds. this legacy table classification scherties first part

of tablenames identifies the modutéassification While this classification scheme was used in

the legacy Standard Data Releasees (SDR), InfoPave now contains an updated classification
scheme that doesndét necessaril yForhestoncalon tabl e
purposes, the following are the legacy database modules used in past public data releases of

LTPP data.
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Administration (ADM): This module contains tables that describe the structure of the database
and the master test section control talikey tables in this module are LTPPDD, which describes
each field in each table; CODES, which describes codes used in the database; and
EXPERIMENT_SECTION, which is the master control table for the test sections. The
REGIONS table contains a mapping oft8&to LTPP operations administrative designations.

Automated Weather Station (AWS): This module contains data collected by the LTPP
program from automated weather stations installed on some SPS projects.

Backcalculation (Bakcal): This is a subset of the daitoring module and contains the results of
the backcalculation of FWD measurements

Climate (CLM): This module contains data collected from offsite weather stations that are used
to compute a simulated virtual weather station (VWS) for LTPP test seotipmsject sitesit

also contains climate data estimates fidodernEra Retrospective Analysis for Research and
Applications (MERRA) developed by the National Aeronautics and Space Administration
(NASA). Data in this module are updatedoatiodicintervals.

Data Compilation Views (DCV): This module contains data from similar tables in the INV,
RHB, and SPS modules combined into a common table structure on specific test section
attributes. The objective of these tables is to make data easier to find.

Dynamic Load Response (DLR)This module contains dynamic load response instrumentation
data from SPS test sections located in North Carolina and Ohio.

Ground Penetrating Radar (GPR): This module contains the results of layeckimess
determinations from GPR measurements on-$B8d other selected SPS projgittés

Inventory (INV): This module contains inventory information for all GPS test sections and for
SPS sections originally classified in maintenance and rehabilitatp@rienents. Tables in this

module contain information such as the location of the test section and structure information
supplied by the owning State or Provincial agency. Because this information comes from agency
project records and not necessarily froctual measurements taken at the test sections, it is
generally regarded as suspect for use in many types of pavement performance analyses requiring
information on the actual dimensions of the test section pavement structure.

Maintenance (MNT): This modulecontains information on maintenanrtype treatments

reported by a highway agency that were applied to a test section. Treatments included in these
tables are thin surface treatments, crack seghig seaing, ard patchingperformed on in

service test sections.

Monitoring (MON): This module contains pavement performance monitoring data. It can be
understood best as a collection of snbdules by data type:

1 Deflection (MON_DEFL): This suinodule caitains data from FWD tests.

1 Distress (MON_DIS): This sulmodule contains distress survey data from both manual
and filmbased surveys.
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1 Friction (MON_FRICTION): This submodule contains friction measuremergported
by participating highwpaagencies.

1 Profile MON_HSS: This submodule contains longitudinal profile data collected by an
automated profiler or by manual dipstick measurem@&tgsting with 205 datarelease
this modulenow includes pavement surfacexture data.

1 Rut (MON_RUT):This submodule contains rutting data measured using anl(2ft)
straightedge. These data tables are superseded by the rutting indices located within the
Transverse Profile module. (Note2 m (4 ft) sraightedge rut measurements were not
taken on alLTPPtest sections.)

1 Transverse Profile (MON_T_PROF): This smodule contains transverse profile data
and computed transverse profile distortion indices (rut depth) from manual dipstick
measurementshe optical Pavement Distress Analysis System (PADI|Af8)aserbased
measuremennethod.

Rehabilitation (RHB): This module contains information on rehabilitation treatments. A key
table in this module is RHB_IMRvhich identifies the various applied treatments that result in
changes to CONERUCTION_NO.

Seasonal Monitoring Program (SMP) This module contains SM&pecific data, such as the
onsite air temperature and precipitation data, subsurface temperature and moisture content data,
and frostrelated measements.

Specific Pavement Studie§SPS): This module contains SPspecific general and construction
informationfor SPS1 through SP9 experiments

Traffic (TRF): This module contains traffic load, classification, antliiree data.

Test (TST): This module contains field and laboratory materials testing data. A key table in this
module is TST_LO05B, which contains layer thickness and composition information based on
measurements from the test section site.

The LTPP Traffic Aalysis Software (LTASIs a database that is used to process traffic
measurement data, perform quality control checks, and produce various tjnaéfscabased

computed parameters stored in the PPDB. As described in Chapter 16, LTAS tables use a general
table naming scheme thatliise the module format used in the PPDB but is based on temporal
aggregation attributes.
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CHAPTER 3. ADMINISTRATION MODUL E

INTRODUCTION

The Administration module contaitesst section administration tables andtadata tables.
Tables in this moduleclude

1 EXPERIMENT_SECTION Masteradministrativecontrol table for test sections

1 LTPPDDi Data dictionary that describ#ése format, unitsandprimary keysn each
databas¢able

LTPPTDT1 Contains general degptionsof the content in each table
CODESI Provides a definition of the code valuased in the database

CODETYPES Hierarchical classification of information contained in the CODES table

= =2 =4 =

COMMENTS_GENERALI A general comments tabd®ncerning uniquéest section
events

1 REGIONSI Contains a mapping of States and Provinces to LTPP operations
administrative designations

1 SECTION_COORDINATES Test section location coordinates

1 SECTION_LAYER_STRUCTURE Master pavement layer table that documents
changesn the pavement structure over time.

IMPORTANT RELATIONAL FIELDS

The following are descriptions of the overall most important relational fields in the LTPP
database. Relational fields are primarily used to join, or combine, data stored in different tables

STATE_CODE Field

STATE_CODE is a twaligit numerical valuaised to identify the State or Province where a test
section is located. This code is defined in the STATE_PROVINCE code type in the CODES
table. These codes are, in part, basethe Federal Information Processing Standards (FIPS)
codes, expanded by LTPP to include Canadian provinces and other countries who indicated a
desire to participate in the LTPP program in 1987.

SHRP_ID Field

SHRP_IDis used as an identifiéor either a single test section or a group of test sections.
SHRP_ID is a character field that is composed of alphanumeric characters.
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For GPS test sections, SHRP_ID is a numerical index that when combined with the
STATE_CODE uniquely defines an indiwal test section. On SPS project sites, SHRP_ID
contains alphanumeric characters which are populated with pithjectlevel ortestsection

specific entries. The first two characters in SHRP_ID on SPS projects identify the sequence and
general type 08EPS project constructed within an agency boundary. The first character in the
sequence identifier is typicaiheaghStit®od f or t he
Province, NAnAO0 for itBloe foec ¢ me Thi selmod ghgracijergse tc t ,
generallythe SPS experiment numb@&hus, 08 represents the first SB®&xperiment project site
constructed withiranagency jurisdiction, and A8 represents the second&&&eriment site.
However this general schemieaschangedwith theintroduction of the SR30 experimento the

LTPP databasm the July 2015 data releag#ata users are advised te@ntries in the
EXPERIMENT_SECTION tabléo determine proper assignment of test sections to experiment
classification

The last two chactersof SHRP_ID indicate if the record applies to the project site or a specific
test section. If the last two characters of SHRP_ID on SPS experimentarsfepulated with

a 00, then it representpeojectlevel recordif not, it is a specifidest-sectionlevel record.

There are some minor exceptions to this structure on assignment of SHRP_ID to SPS projects,
but these are the general rules.

CONSTRUCTION_NO Field

CONSTRUCTION_NGdentifies changem the pavement structuoaused by application of
maintenance or rehabilitation construction treatments. When a test section first enters the LTPP
program, it is assigned a CONSTRUCTION_NO of 1. CONSTRUCTION_NO is incremented

by 1 for each subsequent maintenance or rehabilitatient regardless of its impact on the
pavement structure. For example, crack seamges a new construction event to be generated,
even though it does not cause a significant change in the experiment assignment or pavement
structue.

CONSTRUCTION_NO is a key referential field needed to link records between the
SECTION_LAYER_STRUCTURE and the monitoring tables. This link will provide a data user
information on the pavement structure characteristics at the time each monitoringemeasur
was performed.

The type of construction event which created the change in CONSTRUCTION_NO is stored in
fields which use the MAINT_WORK code. This includes CN_CHANGE_REASON in the
EXPERIMENT_SECTION table and IMP_TYPE in the tables included in the MINTRHB
modules.

TABLE DESCRIPTIONS

EXPERIMENT_SECTION . This is the master control table for all test sections and project
sites included in the LTPP database. Due totthésb bverdll smportance of interpretation of
the PPDB, it is included in everathbasencluded inLTPP datdbaseextractionsThe three key
fields that define a unique record in this table are STATE_CODE, SHRP_ID, and
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CONSTRUCTION_NO, which form the primary backbone of relational links within the LTPP
database. Other important fieliisthis table include:

1 CN_ASSIGN_DATE identifies the date that the CONSTRUCTION_NO became active.
For a CONSTRUCTION_NO of 1, this is the date that the section entered the LTPP
program. For subsequent events, it is the date of the maintenance or sglwabdittivity
that triggered the change in CONSTRUCTION_NO.

1 CN_CHANGE_REASON describes the maintenance or rehabilitation activity that
triggered the change in CONSTRUCTION_NO. This field contains codes that are of the
type MAINT_WORK, but it may contain are than one code, and is therefore not
directly translatable with the CODES entries.

1 GPS_SPSs a code to indicate whether a section is classified as a GPS or SPS
experiment for the corresponding CONSTRUCTION_NO.

1 EXPERIMENT_NO is a code indicating to wHicGPS or SPS experiment the pavement
section is assigned. This tvabaracter code consists of a number followed by an optional
suffix letter. The suffix is used for some experiments to indicate a subcategory of test
sections. EXPERIMENT _NO is a code of tiype EXPERIMENT.

1 STATUSI s a code indicating the current monitoring status of a section. A null value
indicates that the test section has been approved and has an active monitoring status. A
value of A00 indicates that ofhstudyd saeadtin
monitoring measurements will be made.

1 ASSIGN_DATE is the date when a test section is assigned to the LTPP experiment.
When a section is first accepted into the LTPP program, ASSIGN_DATE is the
acceptance date. ASSIGN_DATE mustqa@e any LTPP monitoring measurements
taken on the test section for the associated experiment. When a test section changes
experiments because of rehabilitation, ASSIGN_DATE is the construction start date and
should equal the CN_ASSIGN_DATE.

1 DEASSIGN_DATE is the date when a test section changed to another experiment or
was placed in the owf-study status in the LTPP program (STATUS = O). This field
should be null until a rehabilitation construction event occurs that causes a change in
EXPERIMENT_NO or theest section goes out of study. When a test section changes
experiments because of rehabilitation, the DEASSIGN_DATE for the previous
CONSTRUCTION_NO (CN) should equal the CN_ASSIGN_DATE for the next CN. If
a maintenanceelated construction event occtinat does not result in an experiment
change, the DEASSIGN_DATE for the previous CN should equal the
DEASSIGN_DATE for the next.

1 SEAS IDis an agencgpecific SMPAdentification code indicating that SMP
measurements wereade for the corresponding construction number. SEAS_ID is set to
A for the first SMP site installed in a State, B for the second site, and so on. This field is
only populated for construction numbers in which SMP data have been collected. When a

17



constrution event occurs on an SMP test section that results in termination of its
participation in the SMP, or if SMP monitoring is terminated prior to occurrence of a new
construction event, the SEAS_ID is set to null in the EXPERIMENT_SECTION record
corresponphg to the new CN for which no SMP data are available.

1 SUPPLEMENTAL identifiess uppl ement al test sections. A
supplemental test section.

LTPPDD. The LTPPDD table is the data dictionary for the LTHHFDB. Starting with the

January 2012 data release, this table also contains entries for the LTPP Traffic Analysis Software
(LTAS) tables. LTPPDD contains metadata for each field in each table in the database. This
table containsnetadga descriptiors foreach field in every table, units, references to LTPP

source data form designations, and material test protddwsL TPPDD table circulated with

eachnew public data release altered tanatch its contents.

LTPP Database Tip!

Users of the LTPP database standard data releases should use the LTPPDD and other tgbles in
the administration module that correspond to that release, since these tables are changed to match
each new data release.

Important fields in the LTPPDD table include:
1 FIELDNAME is the name of the specific field that is defined by the LTPPDD entry.

1 TABLENAME is the name of the table in which the field denoted by FIELDNAME
resides. Table names generally begin with a thetterindicator of the data module. For
instance, the SMP_FROST_PENETRATION table is part of the SMP module.

1 DESCRIPTION is a short description of the field. For instance, the
NORM_RESI STI VI TY field has this entry wunde
resistivityT It is the electrical resistivitgf the soil at the measurement depth, relative to
the extreme values at that depth. o

1 CODETYPE is the name assigned to the code field contained in the CODES tables. The
contents of this field anesed to link to the CODES table to lookup the meaning of a
code.

1 DATA_TYPE specifies the Oracle electronic format of the specified field. These fields
are typically a VARCHAR (variablelength character field), DATE, or NUMBER(X,y)
where x is the total maber of digits and y is the number of decimal places in the number.

1 DATASHEET specifies the source of the data stored within the specified field.
Typically, this is a paper datasheet number; however, it may be a filename, file type, or
general type of datile.

1 ITEM is the item number of the form denoted within the DATASHEET field. This is the
origin of the data that reside within the specified field.
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1 UNITS indicatesthe units used for the corresponding numeric field. Both Sl and U.S.
customary units arexcluded in the database.

LTPPTD. This table contains a description of the contents of tables in the database. The three
fields in the table arself-describing TABLENAME contains the table name, DESCRIPTION is
the description of the contents of the tabled MODULENAME is the name of the module that
the table is assigned.

CODES. Many of the elements in the database use a code value to represent different standard
entries in a field. The CODES table contaangdefinition of all codes used in the LTPP database.
To decipher the meaning of a code value in a data table, a user must link the corresponding
CODETYPE contained in the LTPPDD table for the specific field in a table to the matching
record in the CODE®&ble with the same CODETYPE and CODE value.

1 CODETYPE is the code type name as shown in the CODETYPE field in the LTPPDD
table.

1 CODE is the code value. Although most codes are numeric, some are alphanumeric;
therefore, this field is coded as a charactdich creates an apparent illogical sequence
when the field is sorted in ascending or descending order.

1 DETAIL is the description of the code.

1 ADDL_CODE provides a second reference field for codes that require a combination of
two codes to form a uniquefezence. ThehreeCODETYPES that use this field are
COUNTY, in which ADDL_CODE corresponds to the STATE_PROVINCE code of the
State or Province in which the county is locaEdPERIMENT, in which the
ADDL_CODE is AGo for GPS eerimentsanchent s and
MAINT_WORK that uses Unit as a code type to indicate units.

1 ADDL_CODETYPE provides the CODEYPE of the CODE specified in the
ADDL_CODE field

LTPP Database Tip!

In some tables the values for a CODE field is stored in a numeric formattgdiiedreas the
CODE field in the CODES table is formatted as a character. To provide a custom data exfraction
where the meaning of the code value is output next to the code, the user should use SQL
functions to change the numeric format in the data taldecharacter, or the character format
the CODES table to a number to perform a join.

n

CODETYPES. The CODETYPES table provides additional information on the codes contained
in the CODES table. The TITLE field in this table provides a general descrgsteach
CODETYPE. The SOURCE field contains information on the reference document or external
source for the code definitions.

COMMENTS_GENERAL. The COMMENTS_GENERAL table contaigeneral comments
related to test section anomalies, gehstaus, and other details that are not reflected in other
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data tables. Comments are entered in this table at the discretion of the LTPP regional data
collection contractors.

REGIONS. The REGIONS table consists of two fieldSTATE_CODE and REGION_CODE.
This table allows a user to sort State and Provincial agencies by the LTPP administrative region.
This table is used primarily for internal LTPP operations.

SECTION_COORDINATES. This table was introduced in the January 2008 data release (data
release 22)This table contains the latitude and longitude coordinates of test sections and project
sites previously stored in the INV_ID and SPS_ID tables. It contains coordinates for most GPS
and SPS test sections measured using highsowagjlobal positioning receivers. GPS test

sections and SPS project sites that have not been measured using the high precision receivers
contain a NULL value in the MEASUREMENT_ACCURACY field.

In data release 2Pyojectlevel entries were added for alPS sites. When possible, the SPS
projectlevel ID is set to the coordinates of the first test section at the site in the direction of
traffic. In data release 29@rojectlevel entries wereemovedand section elevations were added.

These coordinates ap@pulated using the highest available precision coordinate determinations
available.

The latitude and longitude coordinates of the beginning location of the test section are expressed
in fractions of a degree. A negative longitude convention is used.

SECTION_LAYER_STRUCTURE. This table was added as part of the administration module

in the January 2009 SDR (data release 23). It is a view, or a copy, of the TST_LO5B table. It
contains a consolidated set of pavement layer structure information for all LTRBdisns. It
contains a recommended single thickness and material type for each layer from interpretation of
material, sampling, material tesésxd FWD measurements.

This table is contained in every MS Access database in the®@i2Ruce confusion ovavhich
of the layering tables in the PPDB should be used for pavement performance analysis.
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CHAPTER 4. AUTOMATED WEATHER ST ATION MODULE

Automated Weather Stations (AW®gre installed by the LTPP program near almost al-§PS

-2, and-8 project sites. This equipment measuredsecific climatic information. AWS
measurements include air temperature, humidity, precipitation, solar radiation, and wind speed.
The AWS tables are structured to provide users with mordhlily, and hourly climate

statistics. LTPP regional contractors were responsible for equipment maintenance, data
collection, review, and processing. LTPP AWS measurements began in August 1994 and were
terminated in December 2008. The weather stationsyieative and were retired at different
dates.

IMPORTANT FIELDS

AWS ID is a key field in the AWS data tables used to link the data to SPS project sites and
other nearby test sections. At locations where multiple SPS projectslaatad on the same

site, such as in Delaware, Nevada, and Ohio, AWS_ID is not always the same as the combined
STATE_CODE and SHRP_ID (project ID for SPS projects), therefdMS LINK should be

used to find AWS data for a given SPS project or GPS section.

AWS TABLES

AWS_LINK: This table provides the link between the weather station identification used in the
AWS tables and the associated SPS project ID or GPS SHRP_ID.

AWS_LOCATION: This table contains information regarding the coordinates for the location
of each weather statioBecause of logistical factors regarding the availability of electricity and
communications, AWS may be located a small distance from the project site. Users should
evaluate the potential impact of this displacement on their analytical objectives.

AWS HOURLY_DATA: This table contains hourly climate statistics, including air
temperature, humidity, precipitation, solar radiation, wind speed, and wind direction. This is the
smallest unit of time for which AWS data are available.

AWS_DAILY_DATA: This table cordins daily statistics for the AWS sites. When possible, the
information is provided by the data logger at the AWS site without the need for further
computation. When data from the data logger are unavailable or otherwise problematic, the
values in the dajitable may be computed from the corresponding hourly data, if available.

AWS_HUMIDITY_MONTH: This table contains monthly humidity statistics from LTPP
AWS. These statistics are calculated from daily data for months where 24 or more days of data
are availale.

AWS PRECIPITATION_MONTH: This table contains monthly precipitation statistics from
LTPP AWS. These statistics are calculated from daily data for months where 24 or more days of
data are available.
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AWS_ SOLAR_MONTH: This table contains monthly solar ration statistics from LTPP
AWS. These statistics are calculated from daily data for months where 24 or more days of data
are available.

AWS_TEMP_MONTH: This table contains monthly air temperature statistics from LTPP
AWS. These statistics are calculateahfi daily data for months where 24 or more days of data
are available.

AWS_WIND_MONTH: This table contains monthly wind statistics from LTPP AWS. These
statistics are calculated from daily data for months where 24 or more days of data are available.

The oganization and computational relationships between the AWS tables are illustrated in
Figure4. The AWS_LINK table serves as the master parent table for all other AWS tables. The
computational relationship between the AWS_ HOURLY_DAdi#d AWS DAILY DATA

tables depends amhetherthe hourly data has been edited to correct time stamp issues or bad
data. The data logger that stores the data uses measurements perfé&metitintervals to
compute both the hourly and daily statisti€fhourly data are edited, then the daily statistics are
recomputed from the hourly datll the monthly statistics are computed from the daily data,
provided 24 days of data exists within a month.
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Figure 4. Schemdic. Organization and computational relationships between the AWS
tables.
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CHAPTER 5. CLIMATE MODULE

The LTPP climate data are stored in the Caitl MERRAmModules. Data in the CLM module

are based on observations frgnoundbasedveather station Data in the MERRA module are
based onmanalysis of a combination of ground, satellite, ocean, and atmospheric observations.
Data in the MERRA module were replaced with tHéP Climate Tooin InfoPave with the

July 2016 data release.

CLIMATE CLM MODU LE

A two-tier data storage structure is used. The first tier contains raw and processed data from
operating weather stations (OWShese OWS were selected based on their proximity to LTPP
test sections, period of data evage, and type of available data. Raw climatic data from the
OWS are stored in tables whose names begin with CLM_OWS. Climate statistics interpolated
from nearby OWS for each test section or project location for sites where more than one test
section is o-located are stored as a virtual weather station (VWS). The second tier of climate
data storage is VWS8tatistics which represent the climate at LTPP test sections linked to the
VWS. The VWS statistics are stored in tabld®se names begin with CLM_VWS.

The climate database updated periodically. The last major update was perfofaretie SDR
32 data release iduly 2018 In this update, new data for the OWS through the e2@BHfwas
added to the databaf® active LTPP test sectiong-or this updateg review and update tie
OWSfor each VWSwvascompleted tomprove data coverage. Previously, if a VWS did not
have dirst-order weather station associated with it, then no wind or humidity data were
available for adst site. lis expected that the new OWS selection progekgesult in greater
coverage of climate data parameters for each site.

The data stored in the CLM module consist of daily statistics and measurements for the LTPP
selected parameters. Hourlytal@re not stored due to lack of coverage and availability over the
study time periogwhich began in 1989. To summarize the daily measurements, monthly and
annual statistics (mean, standard deviation, minimum, maximum, count, and total) have been
calculaed. Selected climate indexes are also available as annual summaries.

I mportant Fields

WEATHER_STATION_ID is the key field in the CLM_OWS tables. This field contains the
unigue identification code assigned to each weather station.

VWS _ID is a key field inhe CLM_VWS_* data tables used to link the data from the VWS to
SPS projects and GPS test sections. Because the VWS _ID is not always the same as the
combined STATE_CODE and SHRP_ID (project ID for SPS projects),
CLM_SITE_VWS_LINK (andSPS_GPS_LINK if necessary) should always be used to find
CLM data for a given SPS project or GPS test section.
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CLM T ables

The two major categories of CLM tables are: CLM_OWS tables, which contain weather station
data from public sources, and CLM_VW®ls, which contain linkages between OWS and
VWS statistics and the statistical results.

CLM_OWS Tables

The CLM_OWS tables contain the raw data obtained from public sources such as the National
Climatic Data Center (NCDC) for locations in the United StatesEnvironment Canada (EC)

for Canadian locations. These data are split into daily, monthly, and annual data summaries by
data type. This change was made in 2004 due to errors foundpulihey available data.

Splitting the data into tables contaiginne type of weather measurement simplifies the
computation process to allow only data that pass the LTPP QC checks to be used in
computations.

Figure5illustrates the organization and relationship between the CLM_OWS tablas. tabte
relationships shown iRigure5, the CLM prefix from the table names has been omitted for
presentation convenience. Only the tables containing the daily statistics are subjected to LTPP
QC checks. Because the monthly andusat OWS data only contain summaries of the daily

data, further QC on these tables is not necessary.

Data Sources

NCDC
EC
OWS.DCATION
OWS.PRECIP.DAIL‘I OWS.PRECIP.MONTHI OWS.PRECIP.ANNUAL
OWS.TEMP.DAIL‘.Jl OWS.TEMP.MONTH I OWS.TEMP.ANNUAL
OWS.WND.DAILY I OWS.WIND.MONTH I OWS.WIND.ANNUAL
OWS.HUMIDITY.DAIL OWS.HUMIDITY.MONTH I OWS.HUMIDITY.ANNUAL

[¢tt v/ bz [¢tt v/

Source: FHWA
Figure 5. Schematic Structure and relationship between the CLM_OWS_* tables.
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Due tothelarge size of the CLM_OW#ables, most of them are not distributed as part of the

SDR. The exception is the CLM_OWS_LOCATION taldmce it is used to determine the

distance between a test section and surrounding weather stations. Extractions from these tables
can be obtained byoatacting LTPP customer service.

CLM_OWS_LOCATION: This table contains the location coordinates and elevation of the
OWS used to estimate the climatic conditions at each test section.

CLM_OWS_PRECIP_DAILY: This table contains the daily precipitation andwfall. This
table is not distributed as part of the SDR.

CLM_OWS_PRECIP_MONTH: This table contains OWS monthly precipitation statistics.
The table is populated only for months with 24 or more days of data available. This table is not
distributed as partfdhe SDR.

CLM_OWS_PRECIP_ANNUAL: This table contains OWS annual precipitation statistics. The
table is populated only for years with 300 or more days of data available. This table is not
distributed as part of the SDR.

CLM_OWS_HUMIDITY_DAILY : This table ontains the maximum and minimum air
humidity levels for the day. This table is not distributed as part of the SDR.

CLM_OWS_HUMIDITY_MONTH: This table contains OWS monthly humidity statistics.
The table is populated only for months with 24 or more daystaf available. This table is not
distributed as part of the SDR.

CLM_OWS_HUMIDITY_ANNUAL: This table contains OWS annual humidity statistics. The
table is populated only for years with 300 or more days of data available. This table is not
distributed as paof the SDR.

CLM_OWS_TEMP_DAILY : This table contains the daily mean, maximum, and minimum
temperature recorded at the weather station. This table is not distributed as part of the SDR.

CLM_OWS_TEMP_MONTH: This table contains OWS monthly temperaturastas. The
table is populated only for months with 24 or more days of data available. This table is not
distributed as part of the SDR.

CLM_OWS_TEMP_ANNUAL: This table contains OWS annual temperature statistics. The
table is populated only for years wiBBO0 or more days of data available. This table is not
distributed as part of the SDR.

CLM_OWS_WIND_DAY : This table contains the daily maximum and minimum measured
wind speeds. This table is not distributed as part of the SDR.

CLM_OWS_WIND_MONTH: This tablecontains OWS monthly wind statistics. The table is
populated only for months with 24 or more days of data available. This table is not distributed as
part of the SDR.
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CLM_OWS_WIND_ANNUAL: This table contains OWS annual wind statistics. The table is

populded only for years with 300 or more days of data available. This table is not distributed as

part of the SDR.

CLM_VWS Tables

The CLM_VWS tables contain the estimates of weather data at each test section site computed
from the nearby OWS. The computatiosaalicture of the CLM_VWS tables showing the
relationships to CLM_OWS tables, and other important relational links, are shéugune6.

The CLM prefix from the table namesHkigure6 has been omitted for@sentation convenience.

The VWS dalily statistics are based upon the related OWS daily data, by data type. Only OWS
daily climate data that has passed all of the LTPP automated QC checks are used to compute the
associated VWS daily statissic

After the VWS daily tables are created, the VWS monthly tables are computed. The monthly

tables are computed using daily data that have passed all of the daily data QC checks. In addition
to the checks on the daily tables, the monthly table calculations are subpeQ€dhecks on

the number of

\

alid days in each

mont hds

dai

the monthly statistics and subjected to level E checks related to the number of valid days in the
year for which data for each data type is ade.

OWSLOCATION SECTION_COORDINATES
Level E Only

----->

SPS_GPS_LINK

=== OWS_{PRECIP/TEMP/WIND/HDNIY} DAILY

OWS_PRECIP_ANNUA

4

4

VWS_PRECIP_DAILY= = =

VWS_TEMP_DAILY fe= = = >

VWS_WIND_DAILY |m= == =

VWS_PRECIP_MONT| == == VWS_PRECIP_ANNUA

VWS_TEMP_MONTH == == ==pi VWS_TEMP_ANNUAI

VWS_WIND_MONTH| == == =P VWS_WIND_ANNUAL

——————;—————

VWS_HUMIDITY_DAILY

4

=

VWS_HUMIDITY_MONTH —.‘» VWS_HUMIDITY_ANNUA

SourceFHWA

Figure 6. Schematic Computational and relational structure of the CLM_VWS tables.
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CLM_SITE_VWS_LINK: This table provides the link between the VWS and the test section

for which data are being provided. When3PS section is docated with a GPS section, the

SPS section will not be in this table and the information will need to be accessed with the help of
SPS_GPS_LINK

CLM_VWS_OWS_LINK: This table provides the link between the VW& associated OWS.
It contains the distance between the VWS and the individual OWS, difference in elevation, and
the directional bearing from the VWS to the OWS.

CLM_VWS_PRECIP_DAILY : This table contains the results of the VWS computations for
the daily amant of precipitation and snowfall from associated records at level E in the
CLM_OWS_PRECIP_DAILY table.

CLM_VWS_PRECIP_MONTH: This table contains VWS monthly precipitation statistics
from records at level E in the CLM_VWS_PRECIP_DAILY table. The tablejmiated for
months with 24 or more days of available data.

CLM_VWS_PRECIP_ANNUAL: This table contains VWS annual precipitation statistics
computed from the CLM_VWS_PRECIP_MONTH table. The SNOW_COVERED_DAYS_YR
field is populated from the CLM_OWS_PRECIP_ANHAL table since this data is not stored in
the daily table. The table is populated only for years with 300 or more days of data available.

CLM_VWS_HUMIDITY_DAILY : This table contains the results of the VWS computation
for the maximum and minimum daily @aumidity based on associated records from the
CLM_OWS_HUMIDITY_DAILY table.

CLM_VWS_ HUMIDITY_MONTH: This table contains VWS monthly humidity statistics
computed from records at level E in the CLM_VWS_HUMIDITY_DAILY table. The table is
populated only for mnths with 24 or more days of data available.

CLM_VWS_HUMIDITY_ANNUAL: This table contains VWS annual humidity statistics. The
table is populated only for years with 300 or more days of data available.

CLM_VWS_TEMP_DAILY : This table contains the VW&ily mean, maximum, and
minimum temperatureomputed from the CLM_OWS_TEMP_DAILY weather station data.

CLM_VWS_TEMP_MONTH: This table contains VWS monthly temperature statistics. The
table is populated only for months with 24 or more days of data available.

CLM _VWS_TEMP_ANNUAL: This table contains VWS annual temperature statistics. The
table is populated only for years with 300 or more days of data available.

CLM_VWS_WIND_DAILY : This table containhe VWS daily maximum and minimum
measured wind speedemputedrom the CLM_OWS_WIND_DAILY table.

CLM_VWS_WIND_MONTH: This table contains VWS monthly wind statistics. The table is
populated only for months with 24 or more days of data available.
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CLM_VWS_WIND_ANNUAL: This table contains VWS annual wind statistics. Tdide is
populated only for years with 300 or more days of data available.

Calculations

The values in the OWS daily, monthly, and annual tables are averages from the raw climatic data
mentioned in the introduction. These values form the basis for thesvaltlee VWS tables.

Figure7 andFigure8 illustrate the computational structure implemented in the January 2004

data release. The CLM_VWS_* DAILY tables are based on values from the corresponding
CLM_OWS * DAILY tables, where * represents a type of weather data. The
CLM_VWS * MONTH tables are based on values contained in the corresponding

CLM_VWS_* DAILY table. Likewise,the CLM_VWS_* ANNUAL tables are bad®n

values contained in the CLM_VWS_* MONTH table

VWS Calculations

Because the values stored in the VWS tables are computed using valuearfymm numbers

of OWS locationgdased on a maximum distance from the sectimnfollowing equation was

used to weight the influence of OWS values based @digtance from the OWS to the VWS.
KV

mi

2
s »
i

Q

=~

Figure 7. Equation. Distance squarenterpolation model used to compute weighted virtual
weather statistics from distantoperating weather stations.

Where:
Vm = Calculateddata element for day for the VWS
Vmi = Valueof data element on day for weather station
R = Distancebetween weather statiomnd pavement project site
k = Numberof weather stations associated with project site (Ub}o

Freezing Index

To compute the monthly or annual freezing indée following equation is used:

Fl =3 (0-7) ”

Figure 8. Equation. Freeze index calculation equation.
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Where:

FI = Freezingindex, degrees Celsiu¥3) degreedays
Ti = Averagedaily air temperature on day°C.
n = Daysin the specified period when average daily temperaturelsv freezing

i Numberof days below freezing

When using this equation, only the days where the average daily terpésdialow freezing
are used. Therefore, the freezing index isstlvemationof all average daily temperatures below
0 °C within the given periodf time.

MERRA CLIMATE DATA

The ModerrEra Retrospective Analysis for Research and Applications (MER#AEIoped by

the National Aeronautics and Space Administration (NASA) for its owrourse modeling

needs, provides continuous hiyuveather data starting in 198@ a relatively fineggrained

uniform grid. MERRA is based on a reanalysis modatl tombines computed model fields

(e.g., atmospheric temperatures) with greundean, atmospheri¢ and satellitedbased

observations that are distributed irregularly in space and’tiFhe.result is a uniformly gridded

data set of meteorological datertved from a consistent modeling and analysis system over the
entire data history. MERRA data are provided at a continuous hourly temporal resolution and a
0.5° latitude by 0.67° longitude (approximately 50 km by 60 km afatiitides) spatial
resolutionover the entire globe. Evaluation of this data source by LTPP indicates that this unique
data set provides a basis to extend, enhance, and improve infrastructure models dependent on
climate inputs.

In theJuly 2016public data releas®ERRA climate datavas incorporated into InfoPave in the
LTPP Climate Toolunder the data hub amto MERRA Climate Data for MEPDAnputs under
thetool hub The LTPP Climate Toatontains data for cells located on land for therergarth.
MERRA dataavailable from LTPRan only be downloaded using se®n-demand download
features contained dnfoPave.

In the July 2017 public data release, MERRAata was incorporated into the InfoPave Climate
tool. The MERRAZ2 dataset was intduced because of advances in the assimilation system that
now include hyperspectral radiance and microwave observétidmes latitude width of the grid

cell has been reduced to 0.625 degrees.

Some of the MERRA data now available from the InfoPave MERRwda&ié Tool include:

Ri enecker, M., et . al-EraRetvbEpedive Adpss fooResednah drel r n
Applicationso, Journal of Climate, Vol ume 24,
3 Molod, A., Takacs, L., Suarez, M., and Bacmeister, J.: Development of the-GEOS

atmospheric general circulation model: evolution from MERRA to MERRAZ2, Geosci. Model

Dev., 8, 13391356, d0i:10.5194/gm8-13392015, 2015.
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1 Hourly precipitation, evaporation, saioistureprofile, layer soil moistureand water
infiltration rate.

1 Daily precipitation, evaporation, infiltration, runoff, snowfall, snow mass, and snow melt.
1 Monthly and annual precipitation aegtaporation

1 Hourly airtemperature, soil temperaturetaiayerdepths, and temperature in the
unsaturated zone.

1 Dalily statistical summaries of the hourly temperature data elements.

Monthly and annual statistics of the daily temperature data elemestdays above
32°C, days below TC, thefreeze index, and air temperature computed paranfeters
freezethaw days

Hourly wind velocity vectors and air density.

Daily wind velocity statistics and average air density.

Monthly and annual wind velocity statiiss.

Hourly-specific humidity, estimated relative humidity, andmgssure.

Daily, monthly, and annual relative humidity statistics.

= =2 =4 -4 - -

Hourly shortwaveradiation at the surface, shortwaegliation at the top of the
atmosphere, cloud cover, surface emiggiand surface albedo.

1 Daily, monthly, and annual solar radiation and associated statistics.

Other information on MERRA data contained in the InfoPave Climate tool can be obtained from
the InfoPave web site.

LTPP Climate Zones

The LTPP climate zonesere originally established as a test section classification method in the
test section selection process at the start of the program. The objective of the original LTPP
climate zone classification was to obtain a balance in the nurhtestsections with each

generic climate zone. In the early maps of LTPP climate zones, they were customized to many
state boundaries to simplify the test section nomination process.

The current wet/dry climate zones contained in the LTPP database edeobaan interpretation
from the authors of the LTPP DataPave product, which indicated that 20 inches (508 mm) of
precipitation per year approximated the historic Thornthwaite zero balance line of incoming
precipitation with water runoff and evaporationeamethod of classification for areas that
retained subsurface waters and shed water for farming purposes.
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The current threshold between freeze/no freeze zones contained in the LTPP database are based
on an annual average freezing index of°Es@ays (83C days). Sites with an index over this
threshold are classified in the freeze zone and those under the thresholdfieez@aone.

The LTPP climate zone classification for test sections based on the LTPP classifications are only
used within the progranof ESAL computations and presentation in the section summary reports
on InfoPave.

LTPP recommends that those performing analysis of LTPP data create their own climate

classification metrics related to their research objectives and not use the generidimB@P
classifications as a standard.
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CHAPTER 6. DYNAMIC LOAD RESPONS E MODULE

The Dynamic Load Response (DLRpdule contains instrumentation response data collected at
SPS test sections in North Carolina and Ohio.

Originally, data from both States were in one set of tables. Starting with the January 2013 data
release, SDR 27, separate data storage strutteges beingised for the North Carolina and

Ohio DLR measurements. Because of errors found in the previous integn&téte Ohio DLR

data was reinterpreted in 2012. A result of this reinterpretation is a change in the data elements
used to represent the Ohio DLR data. These changes were significant enough that splitting the
tables containinghe North Carolina and Ohidata resulted in a simpler to understand data
storage structure.

Because of the complex nature of this data module, users interested in analyses of these data
should contact LTPP customer service to discuss research objectives

LTPP Database Tip!

Databaseisers interested in analyzing LTPP DLR data should contact LTPP customer seryice
before starting an analysis project to obtain advice on what data are available and other ayailable
resources to help interpret the data.

IMPORTANT FIELDS

In addition to STAE_CODE and SHRP_ID, the are thre@ther common fields unique to the
DLR tables that can be used to link related data in associated tables to eachE8fieNAME,
RUN_NUMBER, and TAG_ID.

TEST_NAME represents data collection events on each test sitata?cdllection event can

occur on a single day or over several consecutive test days. The DLR_TEST_MATRIX table
provides a link between TEST_NAME in the DLR_MASTER_* tables and TEST_DATE.
RUN_NUMBER in the DLR_TEST_MATRIX table can be used to differentitisveen

multiple test dates occurring during a single data collection event as indicated by TEST_NAME.

This link to TEST_DATE is needed for DLR measurements on PCC sections; TEST_DATE is
included in the tables containing measurements on AC test sedtiekast letter in

TEST_NAME indicates the temporal order of tes
event, fAbo indicates the second, and so on.

RUN_NUMBER represents the sequential order of runs by test trucks during the data collection
event aglefined by TEST_NAME. RUN_NUMBER is used to relate the characteristics of the

test truck and test speed stored in the DLR_TEST_MATRIX and DLR_TRUCK_GEOMETRY
tables to the measured pavement responses stored in the other DLR data tables. For each
TEST_NAMEevent, the run number starts with 1 and is increased by 1 for each successive pass
by the test trucks.

TAG_ID is the name assigned to each sensor installed on each test section. The combination of
STATE_CODE, SHRP_ID, and TAG_ID uniquely identifies eadpomse sensor. The TAG_ID
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name also identifies sensor manufacturer, although the DLR data storage structure is based on
measurement type.

NORTH CAROLINA DLR D ATA

FourPCC pavement sections on the SASoject in North @rolinawere instrumented to

measure deflection and strain response at defined positions within thenglabloading by

vehicles with known static weight and wheel geometry at six locations (corner, medgiap

and midslab outer wheel path) within two adjacent slabs. Pavement surface strains were obtained
by surfacemounted strain gauges located midslab within the wheel path and midslab along the
slab edge. A total of 30 traces were obtained from eaclop#ss loaded vehicle with multiple
repetitions at multiple speeds collected at various times of the day. The LTPP Technical Support
Services Contractor and the North Caroldepartment of Transportation workgxntly during

data collection operations conducted in August 1996.

The hierarchical relational database storage structure for North Carolina measurements are
illustrated inFigure9. Since no changes were made to interpretatidheoNorth Carolina DLR

data during the 2012 update cycle, the data reported in these tables have not been changed. Only
the table names have been changédtable fields are identical to those contained in SDR 26.

DLR_NC_MASTER_PCC

DLR_NC_TEST_MATRIX DLR_NC_TRUCK_GEOMETRY
DLR_NC_LVDT_CONFIG_PCC DLR_NC_LVDT_TRACE_SUM_PCC
DLR_NC_STRAIN_CONFIG_PCC DLR_NC_STRAIN_TRACE_SUM_PCC

Source: FHWA

Figure 9. Schematic Hierarchical relational database structure for North Carolina DLR
measurements.

The name and contents of tables in the North Carolina DLR module are as follows:

DLR_NC_MASTER_PCC: This table contains site and instrumentation sumnmdoymation
for sections with PCC surfaces. One record exists in this table for each DLR measurement cycle
as defined by the TEST_NAME field.

DLR_NC_TEST_MATRIX: This table contains information on each test sequence, including
test date, test time, testhicle, vehicle speed, rear axle load, and vehicle offset. TRUCK _ID and
STATE_CODE are used to link to information on truck geometry stored in the
DLR_TRUCK_GEOMETRY table.
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DLR_NC _TRUCK_GEOMETRY: This table contains information on the axle spacing, tire
type and pressure, and axle width of the test trucks used for the DLR tests.

DLR_NC _LVDT_CONFIG_PCC: This table contains LVDT gauge settings and location
information for instrumented PCC test sections.

DLR_NC_LVDT_TRACE_SUM_PCC: This table contains respongace summaries from
LVDT measurements on PCC test sections. The response trace is reduced to a series of no more
than 10 points to capture the significant events in the measured response.

DLR_NC_STRAIN_CONFIG_PCC: This table contains strain gauge inforroat
configuration settings, and location information for measurements on PCC test sections.

DLR_NC_STRAIN_TRACE_SUM_PCC: This table contains response trace summaries from
strain measurements on PCC test sections. Theréap®nse trace is reduced to aeseof up to
10 points to capture the significant events in the measured response.

OHIO DLR DATA

Ohio DOT and a consortium of Ohimiversities performed DLR measurements on instrumented
sections in Ohio. Measurementsre/¢aken on both SPBand-2 (AC and PCC) test sections.
Information on the tests performed in Ohio can be found at the Ohio DOT web site:
http://www.dot.state.oh.us/Divisions/Planning/SPR/Research/reportsandplans/Pages/PavementR

eports.aspx

A reanalysis of the Ohio DLRieasurements was commissioned by the LTPP program in 2012
to correct problems identified in the previous analysis. Some of the changes to the Ohio DLR
data structures that prompted the LTPP program to split the North Carolina and Ohio DLR
measurements into different table storage structures include:

1 Modification d the response sensor location data. The DLR_OH_CONFIG_* tables now
contain a reference coordinate system that properly matches the relative location between
DLR sensors installed at Ohio test sections. These coordinates do not contain LTPP test
section spcific LOC_NO, although the distance between senselsoated on the same
test section are accurate.

1 The time history sensor responses were reinterpreted using the correct data collection
frequency rate, more peak values were identi@d,sensor drifadjustment and data
collection frequency factomsere included in the tables.

1 Strain gage orientation, which differentiates between transverse and longitudinal
alignment, was added.

The hierarchical relational database storage structure for Ohio DLR meeesus is illustrated

in Figure10. This relational structure is similar to the structure for the North Carolina DLR data.
The differences are that the table names start with DLR_OH; Ohio data also includes
measurements on AC suckad test sections, and pressure measurements at the interface between
bound and unbound pavement layers.
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DLR_OH_MASTER_AC DLR_OH_MASTER_PCC

DLR_OH_TEST_MATRIX DLR_OH_TRUCK_GEOMETRY
DLR_OH_LVDT_CONFIG_AC DLR_OH_LVDT_CONFIG_PCC
DLR_OH_LVDT_TRACE_SUM_AC DLR_OH_LVDT_TRACE_SUM_PCC
DLR_OH_STRAIN_CONFIG_AC DLR_OH_STRAIN_CONFIG_PCC
DLR_OH_STRAIN_TRACE_SUM_AC DLR_OH_STRAIN_TRACE_SUMPCC

DLR_OH_PERSSURE_CONFIG_A(

DLR_OH_PERSSURE_TRACE_SUM_A(

Source: FHWA

Figure 10. Schematic Hierarchical relational database structure for Ohio DLR
measurements.

DLR_OH_MASTER_PCC: This table contains site and instrumentation summary information
for sections with PCC surfaces in Ohio. One record exists in this table for each DLR
measurement cycle as defined by the TEST_NAME field.

DLR_OH_MASTER_AC: This table contains site and ingtmentation summary information
for sections with AC surfaces in Ohio. One record exists in this table for each DLR measurement
cycle as defined by the TEST_NAME field.

DLR_OH_TEST_MATRIX: This table contains information on each test sequence, including
ted date, test time, test vehicle, vehicle speed, rear axle load, and vehicle offset. TRUCK_ID and
STATE_CODE are used to link to information on truck geometry stored in the
DLR_OH_TRUCK_GEOMETRY table.

DLR_OH_TRUCK_GEOMETRY: This table contains informatiam the axle spacing, tire
type and pressure, and axle width of the test trucks used for the DLR tests.

DLR_OH_LVDT_CONFIG_AC: This table contains LVDT gauge settings and location
information for instrumented AC surfaced test sections.
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DLR_OH_LVDT_TRACE_SUM _AC: This table contains response trace summaries from

LVDT measurements on AC test sections. The response trace is reduced to a series of up to three
points that capture the significant peak points in the measured response. Both raywwrdhes

are thdocal maxima in the response signal and smoothed values where the signal has been
filtered to remove noise, are provided for each identified peak.

DLR_OH_STRAIN_CONFIG_AC: This table contains strain gauge information, configuration
settings, sensor orietitan, and location information for measurements on AC test sections.

DLR_OH_STRAIN_TRACE_SUM_AC: This table contains response trace summaries from
strain measurements on AC test sections. Thertasgonse trace is reduced to a series of up to
eight pointdo capture the significant peaks and valleys in the measured response. Both raw
values which are the local maxima or minima in the response signal and smoothed values where
the signal has been filtered to remove nase provided for each identifiedgdeand valley.

DLR_OH_PRESSURE_CONFIG_AC: This table contains pressure gauge settings and
location information for measurements on AC test sections.

DLR_OH_PRESSURE_TRACE_SUM_AC:This table contains response trace summaries
from pressure measurements on #€! sections. The tirr@sponse trace is reduced to a series
of up to three points to capture the significant peaks or valleys in the measured response.

DLR_OH_LVDT_CONFIG_PCC: This table contains LVDT gauge settings and location
information for instrumeted PCC test sections.

DLR_OH_LVDT_TRACE_SUM_PCC: This table contains response trace summaries from
LVDT measurements on PCC test sections. The response trace is reduced to a series of up to
three points that capture the significant peak points in theuneéresponse. Both raw values
which are the local maxima in the response signal and smoothed values where the signal has
been filtered to remove noise, are provided for each identified peak.

DLR_OH_STRAIN_CONFIG_PCC: This table contains strain gaugedmnhation,
configuration settings, and location information for measurements on PCC test sections.

DLR_OH_STRAIN_TRACE_SUM _PCC: This table contains response trace summaries from
strain measurements on PCC test sections. Therégponse trace is reducecdatseries of up to

six points to capture the significant peaks and valleys in the measured response under the moving
wheel load.
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CHAPTER 7. INVENTORY MODULE

The Inventory (INV)module contains information on pavement sinees that were in service

prior to selection for monitoring as an LTPP test section. This includes all of the test sections
classified in a GPS experiment or SPS maintenance and rehabilitation experiment for a
CONSTRUCTION_NO of las defined in the EXFAAMENT_SECTION table. For SPS

projects, the information stored in the INV module represents the pavement structure prior to
application of the experimental treatments. INV data include location of the section, pavement
type, layer thicknesses and typesenal properties, composition, previous construction
improvements, and other background information.

The INV information is typically based on highway agency records for the construction project.
The information may not represent specific conditions fatrttie portion of the project selected

for monitoring. Since a variety of sources were used to as the basis for this reported information,
it should not be assumed the data in the INV module represents design values.

LTPP Database Tip!

For SPS3 and-4 projects whichinclude a ceocated GPS test section at the project site,
information for the SPS project in the INV tables is coded to the GPS test section. The
SPS_GPS_LINK table contains a mapping of SPS projects to data stored under the linkedd GPS
testsection.

IMPORTANT FIELDS

INV_ID: This table contains section location information including route number, milepost,
direction of travel, identificatioof if the location is part of the FHWA Highway Performance
Monitoring System, and county/parish naroecation information is provided in this table for
sections classified in a GPS experiment or an SPS maintenance and rehabilitation experiment
where CONSTRUCTION_NO =1 in the EXPERIMENT_SECTION table. Location information
for SPS projects that is based on construction of a new pavement structure is stored in the
SPS_ID table.

INV_AGE: This table contains construction completion and traffic open dates for the original
pavement structure based on highway agency records.

INV_LAYER: This table contains layer information from highway agency records. This
information represents the pavement structure prior to LTPP monitoring. This table acts as a
layer reference table for the other INV tables. INV tables that contain the LAYER_NO field
reference the layer structure described in the INV_LAYER table. The layer structure in this table
may differ from the actual layer structure found at the test site. TST_LO5B is recommended for
use in analysis of performance monitoring measurements asegpfwthe structure data in this
table.The SECTION_LAYER_STRUCTURE is a copy of the TST_LO05B table and is included

in each database in the SDR. Further insight into how to link the INV_LAYER and TST_LO5B
information is included in section 13.4.4.
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INV_GENERAL: This table contains general information, including pavement type, lane width,
number of lanes, subsurface drainéggures, and an estimate of the depth to a rigid layer
beneath the test section from agency records.

INV_GRADATION: This table contains data on the gradatbooarse, fine, and combined
aggregates for PCC, AC, base, and subgrade. LAYER_NO in this table is used to link to the
INV_LAYER table to indicate the type of layérhis information is based oragicipating
highway agency recordsd is not consisteibetween highway agencies.

INV_MAJOR_IMP: This table contains information on the type, quantigte,and cosof

major improvements to the test section prior to acceptance for bidrforing. For test

sections classified in the GPS 6A and 7A experiments, this table provides the original overlay
date

INV_MODIFIER: This table contains information on asphalt modifiers used in-phaced
asphalt (PMA)bound layers.

INV_PCC_JOINT: This table contains information on formed joints in PCC layers, including
joint type, joint spacing, loattansfersystem, joint construction methods, joint sed| and tie
bars.

INV_PCC_MIXTURE: This table contains PCRix properties, including cement type, air
entrainment, slump, and mix proportions.

INV_ADMIX: This table contains information on admixture type and amount for PCC layers.

INV_AGGR_COMP: This table contains information on aggregate composition for coarse,
fine, and combined aggregates used in AC and PCC mixtures.

INV_AGGR_DUR: This table contains information on aggregate durability in AC and PCC
mixtures.

INV_PCC_STEEL: This table contains information on steel reinforcement in PCC layers,
including reinforeng steeltype, diameter, design amount of longitudinal reinforcing, depth, and
installation method.

INV_PCC_STRENGTH: This table contains available strength data from highway agency
records for PCC layers, including flexural sigéh, compressive strength, and splitting tensile
strength.

INV_PMA: This table contains information on PM#ound layer aggregate properties,
including bulk specific gravityeffective specific gravity, mineral fillers, and polish value.

INV_PMA_ASPHALT: This table containmformation on the asphalt cement used in RMA

bound Iaygrs, including asphalt grade, source, specific graigtgsity, penetration, ductility,
and softening point.
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INV_PMA_ COMPACTION: This table containmformation on field compactioaf PMA-
bound layers, including type of compaction equipment, covesligegmperature, compacted
thicknessand curingperiod.

INV_PMA_ CONSTRUCTION: This table contains information dield construction of PMA
bound layers, including mixingtgperature and lagown temperatures.

INV_PMA_ORIG_MIX: This tablecontains available agency information from laborataryd
field-compacted specimens on the mix properties of RdANnd layers. Data included in this
tade are maximum specific gravity, bulk specifiavity, asphalt contenair voids, voids in the
mineral aggregate, mix design stability, plant type,-atripping agents, and moisture
susceptibility

INV_PMA_ROLLER: This table containdetails on the rollers used torapact AC layers,
including roller weight, tire pressure, and roller speed.

INV_SHOULDER: This table contains composition, geometric properties, structural properties,
and associated details for shoulders, including surface material type, width, thiekmklsase

type.

INV_STABIL: This table contains data on stabilizing agents used in base and subbase layers.

INV_SUBGRADE: This table contains available information on the properties of the subgrade,
including plasticity indicessoil classification, soil strength, laboratory moistdensity
relationships, in situ properties, soil suction, expansion index, frost susceptibility, and key
gradationproperties.

INV_UNBOUND: This table contains available information the properties of base layers,
including plasticity indices, classification, strength, laboratory moistaresity relationships,
and in situ properties.

INV_DEICE_SITE_DATA: This table contains general information on snow removal and the
frequency of deer use. Data stored in this table are primarily for GPS test sections in the North
Atlantic, North Central, and Western LTPP regions. Data were collected once at the start of the
program in support of the SHRP research on snow and ice control.

INV_DEICE_TYPES: This table contains a listing of the type of deicers used on test sections.
Data stored in this table are primarily for GPS test sections in the North Atlantic, North Central,
and Western LTPP regions. Data were collected once at the start abgin@npin support of the
SHRP research on snow and ice control.
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CHAPTER 8. MAINTENANCE AND REHA BILITATION MODULES

The Maintenanc@INT) andRehabilitation(RHB) moduleshouse very similar and often related
data, andare therefore discussed in the same chapter.

Major improvements to a test section after inclusion in the LTPP program are documented in the
RHB module. The tables in this module contain information on activities such as overlay
propertiesand construction, shoulder replacement, and joint repair. Rehabilitation activities
include resurfacing, reconstruction, and the addition of lanes. Layer data are recorded when the
pavement structure is altered.

The MNT module contains data reported byhway agencies on maintenance treatments
applied to test sections. This module primarily records activities conducted on the test section
after inclusion in the LTPP program, though some information on maintenance treatments
applied prior to inclusion aravailable in MNT_IMP. The MNT tables include information such
as placement of seal ceapatches, joint resealing, millingnd groovingUnlike the RHB

module, there is no significant pavement structin@nge from a maintenance event, and
therefore no maintenance layer table exists.

Although layering information for RHB events is recorded in the RHB module, that layering
information should only be used for the RHB events themselves, and not as tygioal se
layering.Typical section layering information should be obtained from
SECTION_LAYER_STRUCTURE.

Participating highway agencies are requested to notify the LTPP regional office prior to
performing maintenance or rehabilitation on a highway segmetdinormg an LTPP section.

This allows the regional office to collect any necessary monitoring data to identify the condition
of the pavement prior to the activity. Data are collected on pavement condition before and after
all rehabilitation and many maintamce activities. States provide information on paper forms
describing the actual work done.

Some types of rehabilitation do not fit either the GPS or SPS experiments. Sections receiving
those treatments are placed out of study, are no longer studiecthétbilitation, and do not
have data in this module for that treatment.

IMPORTANT FIELDS

IMP_TYPE provides information on the type of maintenance or rehabilitation performed, and is
used in bottMNT _IMP andRHB_IMP . The field uses a code named MAINT_WORK. Some

of these codes are very similar and, therefore, one type of activity may be represented by
different codes in different records.

LTPP Database Tip!

For SPS maintenance and rehabilitation experimentst aidhe data related to the experimerftal
maintenance treatments are stored in tables in the SPS module.
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This field should be used to determine which other MNT or RHB tables contain the specifics of

the activity.Table3 shows the general relationships between IMP_T#R&Ethe MNT and

RHB tables. Because of the variability in the maintenance and rehabilitation improvements, and
the use of SPS_* tables for some of these data, different tables rnampketed for different

projects, and data may not be stored in the expected MNT or RHB table for a given IMP_TYPE
code. Data may not always be available for a given improvement, and when

DATA AVAIL I MS is fANO, there wiablés. be no dat a

Table 3. IMP_TYPE and expected location of data in MNT and RHB tables.

Expected Location of Data in MNT and
IMP_TYPE |Type of Improvement RHpB Tables
1 Crack Sealing MNT_PCC_CRACK_SEAL
MNT_ASPHALT CRACK_SEAL
2 Transverse Joint Sealing MNT PCC JOINT RESEAL
3 LaneShoulderl_ongitudinal Joint Sealing |[MNT_PCC JOINT RESEAL
4 Full-Depth Transverse Joint Repair Patch MNT_PCC_FULL DEPTH
5 Full-Depth _Patching of PCC Pavement OtrMNT PCC FULL DEPTH
Than at Joint - - -
6 PartialDepth Patt_:hing of PCC Pavement MNT PCC PART DEPTH
Other Than at Joint - - -
7 PCC Slab Replacement MNT_PCC_FULL DEPTH
8 PCC ShouldeRestoration RHB RESTORE PCC SHOULDER
9 PCC Shoulder Replacenten RHB RESTORE PCC SHOULDER
10 AC ShouldeRestoration RHB_RESTORE_AC_SHOULDER
11 AC Shoulder Replacement RHB RESTORE AC SHOULDER
12 Grinding Surface MNT GMG
13 Grooving Surface MNT_GMG
14 Pressure Grout Subsealing RHB SUBSEALING PCC
16 Asphalt Subsealing RHB SUBSEALING PCC
RHB_ACO_*
19 AC Overlay RHB PMA *
20 PCC Overlay RHB_PCCO *
21 Mechanical Premix Patch MNT_ ASPHALT PATCH
22 Manual Premix Spot Patch MNT_ASPHALT PATCH
23 Machine Pemix Patch MNT_ ASPHALT PATCH
24 Full-Depth Patch of AC Pavement MNT_ ASPHALT PATCH
o5 Pgtch Pot Holes: Hand Spread, CompactelvINT ASPHALT PATCH
with Truck - -
26 Skin Patching MNT_ASPHALT PATCH
27 Strip Patching MNT_ASPHALT_PATCH
28 Surface TreatmenSingle Layer MNT_ ASPHALT SEAL
29 Surface Treatment, Double Layer MNT_ASPHALT SEAL
30 Surface Treatment, Three or More Layers MNT_ASPHALT SEAL
31 Aggregate Seal Coat MNT_ ASPHALT SEAL
32 Sand Seal Coat MNT_ASPHALT SEAL
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Table 3. IMP TYPEand expected location of data in MNT and RHB tables (continued).
Expected Location of Data in MNT and

IMP_TYPE Type of Improvement

RHB Tables
33 Slurry Seal Coat MNT_ ASPHALT SEAL
34 Fog Seal Coat MNT_ASPHALT_SEAL
35 Prime Coat MNT_ASPHALT SEAL
36 Tack Coat MNT_ASPHALT_SEAL
37 Dust Layering MNT_ASPHALT_SEAL
38 Longitudinal Subdrainage RHB_SUBDRAINAGE
39 Transverse Subdrainage RHB SUBDRAINAGE
40 Drainage Blankets RHB_ SUBDRAINAGE
41 Well System RHB SUBDRAINAGE

42 Drainage Blanketsvith Longitudinal Drains |RHB_SUBDRAINAGE

_ RHB_HMRAP_*
43 Hot-Mix Recycled AC RHB_PMA *

_ RHB_CMRAP_*
44 Cold-Mix Recycled AC RHB PMA *

45 Heater Scarification, Surfadgecycled AC |RHB HEATER_SCARIF
46 CrackandSeat PCC PavementAC SurfaceRHB CRACK SEAT PCC

47 CrackandSeat PCC Pavement + PCC RHB_CRACK_SEAT PCC

Surface
RHB_RCYPCC_*
48 Recycled PCC RHB PCCO *

49 Pressure Relief Joints in PCC Pavements RHB_PRESSUE_RELIEF
50 Joint LoadTransfer Restoration in PCC ~ RHB_LOAD TRANSFER
RHB_MILL_AND_GRIND

51 Mill Off AC and Overlaywith AC RHB_ACO *
RHB _PMA _*
. : RHB_MILL_AND_GRIND
52 Mill Off AC and Overlaywith PCC RHB_PCCO *
53 Other
54 PartiatDepth Joint Patchgof PCC MNT_PCC_PART DEPTH
Pavement

RHB_MILL_AND_GRIND

Mill Existing Pavement and Overlayith RHB_HMRAP_*
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Hot-Mix AC RHB PMA *
Mill Existing Pavement and Overlayith RHB_MILL_AND_GRIND
°6 Cold-Mix AC RHB_CMRAP_*
RHB_PMA *
o/ Sawand seal MNT ASHPALT SEAL

DATA_AVAIL_IMS in MNT_IMP and RHB_IMPindicates whether information on the
maintenance or rehabilitation activity is available in other MNT, RHB, or SPS construction
tables. The creation of a redan MNT_IMP or RHB_IMP is an important step in the process of
assigning a construction number, and this field is necessary so that entries can be made in the
MNT_IMP or RHB_IMP tables before the specifics of the activity are known.
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MNT TABLES

MNT_IMP: This table contains a listing of the various maintenance activities conducted on each
test section after its inclusion in the LTPP program and the date on which these treatments were
applied.

MNT_PCC_CRACK_SEAL: This table contains crack semw information for PCC
pavements, including the type of sealant used, how it was applied, and how much sealing was
performed.

MNT_PCC_FULL_DEPTH: This table contains information on ftdepth PCC repair,

including the reasons for thepair, the size of the replacement slab, the material used for
replacement, the interface of the replacement with the existing pavement, and finishing/curing
methods.

MNT_PCC_JOINT_RESEAL: This table contains joint resealing information RCC
pavements, including information on the removal of existing joinasgahe application and
type of the new sealant, and the quantity of sealing performed.

MNT_PCC_PART_DEPTH: This table contains information on parigdpth pathingfor
PCC pavements, including the reasons for patching, the type of patching performed, the material
used for patching and material properties, jointing, and cunigttpods for PCC patches.

MNT_ASPHALT_CRACK_SEAL: Thistable contains crack sealinmgormation for AC
pavements, including the type of sealant used, how it was applied, and how much sealing was
performed.

MNT_ASPHALT _PATCH: This table contains patchimgformation for AC pavements,
including the reasons for patching, the size of patching, and patching techniques.

MNT_ASPHALT_SEAL: This table contains seabatapplication information for AC
pavements, including the reasons for sealing, the type andrpespof the sealant used, and
application information.

MNT_GMG: This table contains information on diamond grindingiling, and groovingf all
pavement surface types, including the reasons for treaamdrthe details of the treatment type
and application.

MNT_COST: This table contains costformation for maintenance activities. Because of
differences in the way highway agencies compute costs, users should expect inconsistencies in
cost nformation.

MNT_HIST: This table contains information on section maintenance that occurred prior to the

sectionés inclusion in the LTPP program, 1incl

guantity of maintenance.
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RHB TABLES
Non-Rehabilitation-Speciic Tables

These tables are not specific to any one typelwdbilitation ananay be filled out regardless of
the rehabilitation performed. RHB_IM#®ntains entries for every rehabilitation event.
RHB_LAYER is completed only for treatmeritsat alter the material layer structure.

RHB_IMP: This table contains a complete list of the rehabilitation treatments placed after the
test section was included in the LTPP program. This tablaralkaleswhen the treatments
were placed.

RHB_LAYER: This table contains changes to the layer structure based on information provided
by the State or Provincial highway agency. The information contained in the
SECTION_LAYER_STRUTURE should be used when the actuplased thickness of each

layeris needed.

RHB_CAUSE_INFO: This table contains information on the cause(s) of rehabilitation for a test
section and the scheduled start date for the rehabilitation.

RHB Tables for AC Overlays
RHB_PMA * Tables

These tales contain information on the construction of AC overlays. They will be used
regardless of whether the overiayrecycled AGor not. They will be populateohly when
IMP_TYPE=19, 43, 4, 51, 55, or 56.

RHB_PMA_COMPACTION: This table contains compactioata for all types of AC
overlays, including information on roller types and coverage.

RHB_PMA_CONSTRUCTION: This table contains construction data for all types of AC
overlays. This table includes plant information anddayn temperatures.

RHB_PMA_ROLLER: This table contains roller data for rollers used otyaks of AC
overlays, including the type, weight, and speed of the rollers used for compaction.

RHB_ACO_* Tables

These tables are used for a@tycled asphalt pavement overlays. They will be populatgdifo
IMP_TYPE=19 or 51.

RHB_ACO_AGGR_PROP: This table contains the properties of the aggregate used in AC
overlays,ncluding aggregate composition, durability, specific gravity, and gradation

RHB_ACO_LAB_AGED_AC: This table contains the properties of the laboratmgd asphalt
cement used in AC overlays, including viscosity, ductility, penetration, and other asphalt cement
properties
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RHB_ACO_LAB_MIX: This table cotains the properties of the AC laboratory mix design
used in AC overlaysncluding asphalt contepir voids, specific gravity, stability, and other AC
properties

RHB_ACO_MIX_P ROP: This table contains the gquéaced properties of the AC mix used in
AC overlaysjncluding asphalt contendir voids, specific gravity, stability, and other AC
properties

RHB_ACO_PROP: This table contains the properties of the asphalt cement used in AC
overlays, including the modifiers used, specific grawitgcosity, ductility, and other asphalt
cement properties

RHB_ACO_SP_AGGR_PRORP First introduced in data release 20, this table contains

additional aggregate properties related to the SuperPave mix design method used for AC overlay
layers. Some of the unique aggregate properties contained fakil@snclude angularity,

soundness, and toughness of fine and coarse proportions.

RHB_ACO_SP_MIX_PROP: This table contains AGuperPavaelated properties of the
overlay layer.

RHB_ACO_SP_PRORP This table containSuperPaveelated properties of the asphbinder
used in the AC overlay layer.

RHB_CMRAP_* Tables

These RHB tables are used for catik recycled ACoverlays. Theyarepopulated only if
IMP_TYPE= 44 or 56. Because this is not a standardrreat option for the LTPP
experiments, the RHB_CMRAP* tablds nothave many records

RHB_CMRAP_COMBINED_AGG: This table contains the properties of the combined
aggregate used in coeldix recycled ACoverlays,ncluding aggregate composition, specific
gravity, and gradatian

RHB_CMRAP_COMBINE_AC: This table contains the properties of the asphalt cement used
in cold-mix recycled ACoverlays, including the natifiers used, specific gravity, viscosity,
ductility, and other asphalt cement properties

RHB_CMRAP_GEN_INFO: This table contains the properties of the reclaimed aggregate and
general information for cotthix recycled ACoverlays, including the gradati@md specific

gravity of the reclaimed aggregate, and the methods used to process and break up the existing
pavement.

RHB_CMRAP_LAB_AGED_AC: This table contains the propies of the laboratoraged
asphalt cement used in catuix recycled ACoverlays, including viscosity, ductility,
penetration, and other asphalt cement properties
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RHB_CMRAP_LAB_MIX: Thistable contains the properties of the AC laboratory mix design
used in coldmix recycled ACoverlays,including asphalt contenair voids, specific gravity,
stability, and other A@roperties

RHB_CMRAP_MIX_PROP: This table contains the gdaced properties of the AC mix used
in cold-mix recycled ACoverlays,ncluding asphalt contenair voids, specific gravity, stability,
and other AC properties

RHB_CMRAP_NEW_AC_PROP: This table contains the properties of the new asphalt cement
used in coldmix recycled ACoverlays,including viscosity, ductility, penetration, and other
asphalt cement properties.

RHB_CMRAP_RECLAIM_AC: This table contains the properties of the reclaimed asphalt
cemet used in colemix recycled ACoverlays,ncluding viscosity, ductility, penetration, and
other asphalt cement properties.

RHB_CMRAP_UNTREAT_AGGR: This table contains theroperties of the untreated
aggregate used in cefdix recycled ACoverlays, including aggregate composition, durability,
specific gravity,and gradation

RHB_HMRAP_* Tables

These RHB tables are used for-nai recycled ACoverlays. Theyarepopulateconly if
IMP_TYPE= 43 or 55.

RHB_HMRAP_COMBINED_AGG: This table contains the properties of the combined
aggregate used inotmix recycled ACoverlays,ncluding aggregate composition, specific
gravity, and gradatian

RHB_HMRAP_COMBINE_AC: This table contains the properties of the asphalt cement used
in hat-mix recycled ACoverlays, including the modifiers used, specific gravity, viscosity,
ductility, and other asphalt cement properties

RHB_HMRAP_GEN_INFO: This table contains the prope#ief the reclaimed aggregate and
general information on hanix recycled ACoverlays, including the gradati@md specific

gravity of the reclaimed aggregate and the methods used to process and bneadxigiihg
pavement.

RHB_HMRAP_LAB_AGED_AC: This table contains the properties of the laborasmgd
asphalt cement used in hwoix recycled ACoverlays, including viscosity, ductility, penetration,
and other asphalt cemt properties

RHB_HMRAP_LAB_MIX: This table contains the properties of the AC laboratory mix design
used in hoimix recycled ACoverlays,ncluding asphalt contepir voids, specific gravity,
stability, and other AC properties
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RHB_HMRAP_MIX_PROP: This table contains the qdaced properties of the AC mix used
in hotmix recycled ACoverlays,ncluding asphalt contenair voids, specific gravity, stability,
and other AC properties

RHB_HMRAP_NEW_AC_PROP: This table contains the properties of the nephat
cement used in hahix recycled ACoverlays,ncluding viscosity, ductility, penetration, and
other asphalt cement properties

RHB_HMRAP_RECLAIM_AC: This table contas the properties of the reclaimed asphalt
cement used in hahix recycled ACoverlays,ncluding viscosity, ductility, penetration, and
other asphalt cement properties

RHB_HMRAP_UNTREAT_AGGR: This table contains the properties of the untreated
aggregate used in haotix recycled ACoverlays, including aggregate composition, durability,
specific gravity and gradation

RHB Tables for PCC Overlays
RHB_PCCO Tables

These tables include information on PCC oveslayhese tablesrepopulatedonly when
IMP_TYPE= 20, 48, or 52.

RHB_PCCO_AGGR: This table contains the properties of the aggregate used in PCC overlays,
including aggregate composition, durability, specific gravity, and gradation

RHB_PCCO_CONSTRUCTION: This table cordins construction data for PCC oveday
including information on curingemperature, and existing surface preparation.

RHB_PCCO_JOINT_DATA: This table contains joint data for PCC ovesaycluding
information on construction and expansion joints, sealants, andriaierdevices.

RHB_PCCO_MIXTURE: This table contains PCC mixture data for PCC ovetlaycluding
information on mix design, admixturesdump, air entrainment, and other PCC mix properties

RHB_PCCO_STEEL: This table contains information on reinforcing stestd in PCC
overlays, including the type and strength of the reinforcement and some placement information.
Since there are no data stored in this table it is not included in the SDR.

RHB_PCCO_STRENGTH: This table contains PCC strength data for PCC overiagluding
flexural, compressive, and tensile strength, and elastic modulus.

RHB_RCYPCC Tables

These tables contain information on PCC overlasing recycled PCC pavement. These tables
are usedvhen IMP_TYPE= 48. Since recycled PCC overlays were not an LTPP study topic, the
tables in this module are currently empty. Since there are no data isttinese tables they are

not included in th& TPP public data release.
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RHB_RCYPCC_COMBINED_AGGR: This table contains the properties of the combined
aggregate used in recycled PCC overlayduding aggregate dupdity, specific gravity, and
gradation

RHB_RCYPCC_CONSTRUCTION: This table contains construction data for recycled PCC
overlays, including information on curingemperature, andkisting surface preparation.

RHB_RCYPCC_JOINT: This table contains joint data for recycled PCC ovetlaycluding
information on construction and expansion joints, sealants, andrialerdevices.

RHB_RCYPCC_MIXTURE: This table contains PCC mixture data for recycled PCC owerlay
including information on mix design, admixturetump, air entrainment, and other PCC mix
properties

RHB_RCYPCC_NEW_AGGR: This table contains the properties of the new {remycled)
aggregate used in recycled PCC overlayduding aggregate composition, dur#lil specific
gravity, and gradatian

RHB_RCYPCC_STEEL: This table contains information on reinforcing stestd in recycled
PCC overlag, including the type and strengththe reinforcement and some placement
information.

RHB_RCYPCC_STRENGTH: This table contains PCC strength data for recycled PCC
overlays, including flexural, compressive, tensile strength, and elastic modulus.

Non-Overlay RHB Tables

These tables are for rehabilitation other than AC or PCC oweitlagugh the rehabilitation often
occurs in conjunction with an overlayhey are populated for a variety of IMPY P & és
shown inTable3.

RHB_CRACK_SEAT_PCC: This table contains data collected from PCC ciac#tseat
operations, including information on the breaking and seatinggepses used. This table may
also be used for rubblizatioBince there are no data stored in this table it is not included in the
SDR. Data on fracture treatments applied to SPS test sections can be found in the SPS
construction module.

RHB_HEATER_SCARIF: This table contains data on heater scarificasiariace recycling
treatments on AC pavements, including information on the type of heater scarification,
rejuvenating agents, and compaction

RHB_LOAD_TRANSFER: This table contains loatiansferrestoratiordata for PCC
pavements, including information on the type of restoration and the specifics on the placement of
the loadtransfer deices.

RHB_MILL_AND_GRIND: This table contains millingnd grindingdata for all pavement
types, including the type and depth of milling or grinding.
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RHB_PRESSURE_RELIEF: This table contains data on the installation of presselief
joints in PCC pavement, including information on the joint dimensions and interval, and the
sealants and fillers used.

RHB_RESTORE_AC_SHOULDER: This table contains information on the restoration of AC
shoulders, including the structure of th@glder and the restoration performed.

RHB_RESTORE_PCC_SHOULDER: This table contains information on the restoration of
PCC shoulders, including the structure of the shoulder and the restoration performed.

RHB_SUBDRAINAGE: This table contains data on retttéd subdrainage installation,
including information on the drainageaterials used and the specifics of their placement.

RHB_SUBSEALING_PCC: This table contains data on subsealing PCC pavement, including
the type, properties, and placemehthe sealant.

TABLES IN OTHER MODU LES

All maintenance and rehabilitation events that occur on a section while it is a part of the LTPP
program are documented in the RHB and MNT modules. However, information on major
maintenance and rehabilitation tn@&nts that were applied to the test section prior to its
inclusion in the LTPP program will be foundIiiV_MAJOR_IMP .
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CHAPTER 9. PAVEMENT MONITORING MODULE

The Pavement Monitoring (MON) module contains photographic distress, manual distress,
transverse profile disttion (ruts), longitudinal profile, deflection, friction, and drainage .data

PHOTOGRAPHIC AND MAN UAL DISTRESS

Data stored in the MON_DIS tables provide a measure of pavement surface condition, including
the anount and severity of cracking, patchiagd potholes, existence of surface deformation,

joint defects, and other types of surface defects. Data on the transverse profileraladadt
distresses are stored in other tables.

Initially, visual interpretation of higinesolution 3smm (1.38inch) photographic images of the
pavemensurface was the primary means used to obtain the surface distress data. A national
distress data collection contractor was hired to takdield measurements and interpret the

images. The images provided a photographic record that can be reviewed and reinterpreted in the
future. Circa 1994, the frequency of the distress surveys conducted by manual inspection of test
sections by LTPP regnal contractors in the field increased. Guidelines for distress rating and
interpretation are contained in tBéstress Identification Manual for the LTPP Proje@iller

and Bellinger 2014)

To create a distress time histodata users are often faced with combining distresses from
photographic and manual data collection methods. The limitations of each method of data
collection must be recognized in interpreting combined data sets, particularly when illogical time
series treds exist.

LTPP Database Tip!

The width of the pavement included in the distress interpretation can vary greatly betweer
manual and photographic distress surveys. On average, the photographic surveys cover g width
of about 4.3 m (14 feet). Since manual idiss surveys typically cover a narrower pavement
width, this can result in anomalies in the time series magnitudes of the total length of travTérse
cracking features and distress area. The SURVEY_WIDTH field allows the user to take these
width differencesnto account.

MON_DIS Tables

Most of the distress data tables have names beginning with MON_DIS. The one exception is the
MON_DROP_SEP table that contains shoulder avffand separation information.

In the distress tables, a null should be interpretetdatiparticular distress was not rated or a
measurement was not performed. A zero indicates that the distress was not present.

MON_DIS_AC_REV: This table contains distress survey information obtained by manual
inspection in the field for pavements with AQriaces.
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LTPP Database Tip!

Transverse cracks can include cracks caused by low temperature or reflection cracking types of
mechanisms. Since the LTPP program does not classify cracks by these distress mecharnjisms,
users must make these interpretations. Hdralvn distress maps, 35 mm (1.38 inch)

photographs, and maps of distress surveys conducted prior to overlay may be useful in
identifying these types of cracking mechanisms.

MON_DIS CRCP_REV: This table contains di®ss surveynformation obtained by manual
inspection in the field for continuously reinforced PCC pavements.

MON_DIS JPCC_REV: This table contains distress sunigformation obtained by manual
inspection in the field for jointed PCC pavements.

MON_DIS PADIAS_AC: This table contains distress survey information forg\@faced
pavements interpreted from &tim (1.38inch) blackandwhite photographs using an early
versionof the PADIAS software for data collected prior to April 1992. Records for film that
were reinterpreted with version 4.2 of the PADIAS software were removed from thisstabée
they are now contained in the MON_DIS PADIAS42_AC table.

For the January 2@1data release, the cracking fields were revised to reassign reflection cracking
to the appropriate transverse and longitudinal cracking fields, and to segregate longitudinal
cracking by wheel path and nevheel path locations.

MON_DIS PADIAS42_AC: This table contains distress survey information for-8@faced
pavements interpreted from &tim (1.38inch) blackandwhite photographs using version 4.2 of
the PADIAS software.

MON_DIS PADIAS42_CRCP:This table contains distress survey information for
continuowly reinforced PCC pavements interpreted froom®s (1.38inch) blackandwhite
photographs using version 4.2 of the PADIAS software.

MON_DIS PADIAS JPCC: This table contains distress survey information for jointed PCC
pavements interpreted from 8%m (138inch) blackandwhite photographs using an early
version of the PADIAS software for data collected prior to May 1992. Data remaining in this
table represents distress photography whichneaseinterpreted using the PADIAS 4.2
software version.

MON_DIS_PADIAS42_JPCC:This table contains distress survey information for jointed PCC
pavements interpreted from &tm (1.38inch) blackandwhite photographs using version 4.2 of
the PADIAS software.

MON_DIS JPCC_FAULT: This table containmanual measurements of fault height
individual joints and cracks taken using a Geosfide faultmeter.
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LTPP Database Tip!

The MON_DIS_JPCC_FAULT table contains information on the location of joints and cra¢ks on
jointed PCC pavements.

MON_DIS JPCC_FAULT_SECT: This table contains test section summary statistics for fault
measurements taken on a test section on the same monitoring dapeighilivalues that are
null or are less thafl are excluded from the sectioatsstics calculations.

MON_DROP_SEP:This table contains lar®-shoulder drop offneasurements for AC
surfaced pavements. It also contains {emshoulder drop off and larA®-shoulder separation
measurements for PCC pavements.

In theJuly 2016 public data relegshe following tables were releakavhich contained a
reinterpretation of LTPPhanuallycollected distress data. THestresscrackingrelated data was
reinterpreted to conform to the followigyidelines:

1 AASHTO MEPDGcracking distresses.
1 FHWA HPMS cracking distresses defined in the 2014 HPMS Field Guide.

1 Moving Ahead forProgressn the 22! Century Act (MAR21) legislation and the draft
pavement Notice of Proposed Rulemaking (NPRM) cracking distresses.

To reinterprethe LTPP cracking data, the LTPP team reviealethe manual distress crack
maps that contained cracks types contained within each of the guid€hed®llowing tables
containingthe newlyreinterpretedracking datavere added

MON_DIS_AC_CRACK_INDEX : This table contains the reinterpreted cracking data for AC
surface pavement$he field names indicatie distress definitiomcludingMEPDGand
HPMSLG.

In the 2019 LTPP data release, the computation difteBBDG-related cracking parameters were
revisal to match those used in the pavement performance prediction models used in the
Pavement ME softwar&he following equatioswereused to computthe three MEPDG
cracking parameters.

The following equation was used to compute the percent AC crackingtimatenepresents
bottom up in the MEPDG and Pavement ME software.

_ _ a & Gator_Crack_Area,, vequnrian 0
AlligatorCracking, . .,..= : o 5100
?.TPP_sectlon_lengﬂw Survey_Widt

Figure 11. Equation. The field MEPDG_CRACKING_PERCENT_AC stored in the
MON_DIS_CRACK_INDEX AC table is based on this computation.
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Where:

AlligatorCracking = Assumedbottomup fatigue cracking in AC pavements as a
percentage of the test section area.

Gator_Crack_Area = Area of cracking contained in the following three fields
contained in the MON_DISAC REV table from the fields, GATOR_CRACK_A,
GATOR_CRACK_M and GATOR_CRACK_H.

LTPP_section_lengts Length of the LTPP test section. This length comes from
multiple tables in the LTPP database

Survey_Width = Width of the distress survey from the SURVEY_WIDTH field
contained in the MON_DIS_AC_RENDble

The following equationvas used for the computationEPDG bngitudinal cracking in the
wheel path associated witbp-down cracking.
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Figure 12. Equation. Computation used to populate the field
MEPDG_LONG_CRACK_LENGTH_A C in the MON_DIS_AC_CRACK_INDEX table.

Where:

LongitudinalCracksWP = Assumedop-down crackingn the wheel path in units of
feet per mileused to populate the fieMEPDG_LONG_CRACK _LENGTH_AC in the
MON_DIS_AC_CRACK_INDEX table.

Long_Crack Lrength. WPR= Thetotallength of longitudinal cracking in the wheel
path contained in the fields from tMON_DIS_AC_REYV table,

LONG_CRACK WP_L_LLONG_CRACK _WP_L_M, LONG_CRACK_L_H,
LONG_CRACK_WP_SEAL_L_L, LONG_CRACK_WP_SEAL_L_M, and
LONG_CRACK_WP_SEAL_L_H.

LTPP_sectionlength = Length of the LTPP test section. This length comes from
multiple tables in the LTPP database

The following equation was used for the computation of MEPDG transverse craukces

— a Trans_Crack_Length, vedium tign

TransverseCracking,, .= [TPp fion_lenath 528C
_section_leng

Figure 13. Equation. Computation used to populate the field
MEPDG_CRACKING_LENGTH_AC in the MON_DIS_AC_CRACK_INDEX table.
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Where:

TransverseCracking = Total length of transverse cracking expressed in units of
feet/mile used to populate the MEPDG_CRACKING_LEGTH_AGCdfiel the
MON_DIS_AC_CRACK_INDEX table.

Transverse_Crack _Length= The total length of transverse crackicwntained in the
fields from the MON_DIS_AC_REYV tableyhich is a summation of the values contained
TRANS CRACK _L_L, TRANS CRACK_L_ M, TRANS_CRACK_L_H,

TRANS_ CRACK_SEAL L L, TRANS CRACK_SEAL_L_ M, and
TRANS_CRACK_SEAL_L_Hfields.

LTPP_sectionlength = Length of the LTPP test section. This length comes from
multiple tables in the LTPP database.

The following equation was usedd¢omputeHPMS16 percent crackg:
0 "0 (BQO1 (X061 Qo 2 100
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Figure 14. Equation. Computation of percent AC cracking from LTPP data following
FHWA HPPMS 2016 guidelines.
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Where:

PercentCracking = Percentcracking in the wheel paths used to populate the
HPMS16_CRACKING_PERCENT_AC fielah the MON_DIS+CRACK_INDEX table

WheelPath_Crack_Area= WP_LENGTH_CRACKED (m) from the
MON_DIS_AC_REV table times 1 (m).

LTPP_Section_Length = Length of the LTPP test Sectigm). This length comes
from multiple tables in the LTPP database

Survey_Width = Width of the distress survey from the SURVEY_WIDTH
field contained in the MON_DIS_AC_REV table

MON_DIS CRCP_CRACK_INDEX: This table contains the reinterpreted cracking data for
CRCP. The field names indicate the distress standard as MBPBEMS16.

TheMEPDG_PUNCHOUTS_CRCP field did not change in the 2019 data release. This
computed parameter is computed as follows:

_éé. PunChOUt_ Ngedium High 0

)
Punchouts_,. =g p2se
e (?;5 SectionLength 55

Figure 15. Equation. Computation to populate the MEPDG_PUNCHOUTS_CRCP field in
the MON_DIS CRCP_CRACK_INDEX table.
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Where:

Numberof medium and high severity punchouts per mile.

Punchouts

Punchout_No The total number of punchouts from the MON_DIS_CRCP_REV
table which is a summation of the values contained in the PUNCHOUTS_NO_M and
PUNCHOUTS_NO_H fields.

SectionLength = Length of the LTPP test section. This length comes from multiple
tables in the LTPP database.

The following equatioims used to computthe HPMS16_CRACKING_PERCENT_CRCRP field:
o]l (ﬁjﬁ(@iQ_ﬁ Q 62 Ocni M6
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Figure 16. Equation. Computation of the HPMS16CRACKING_PERCENT_CRCP field
in the MON_DIS_CRCP_CRACK_INDEX table.

Where

Cracking_Pervcembmsie = HPMS16_CRACKING_PERCENT_CRCP field in the
in the MON_DIS_CRCP_INDEX table.

Punchout_Area = Thesummation of fields PUNCHOUTS_A L,
PUNCHOUTS_A_ Mand PUNCHOUTS_A H from the MON_DIS_CRCP_REYV table.

Patching_Area = Thesummation of the fields PATCH_FLEX_ A L,
PATCH_FLEX_A M, PATCH_FLEX_A H, PATCH_RIGID_A L,
PATCH_RIGID_A M, and PATCH_RIGID_A_H from the MON_DIS_CRCP_REV
table.

Longitudind_Crack_Area = Theproduct of the summation of LONG_CRACK L,
LONG_CRACK_L_M, LONG_CRACK_L_H from the MON_DIS_CRCP_REV table
and 0.3048.

LTPP_Section_Length = Length of the LTPP test Section. This length comes
from multiple tables in the LTPP database

Survey_Width = Width of the distress survey from the
SURVEY_WIDTH field contained in the MON_DIS CRCP_REV table

MON_DIS JPCC_CRACK_INDEX: This table contains the reinterpreted cracking data for
JPCC pavements. The field names indicate the distress stasdRtEPDGr HPMSL6.
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The MEPDG percent cracking field in this table is computed using the following equation:
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Figure 17. Equation. Computation used to populate the
MEPDG_CRACKING_PERCENT_JPCC field in the MON_DIS_JPCC_CRACK_INDE X
table.
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Where:

TransvereCracking = Thenumber of crackedlabs containing transverse
cracks expressed as a percentage.

Transverse_Crack _Number The total number of transverse cracks computed as the
summation oTRANS_CRACK_NO_L, TRANS CRACK_NO_M, and
TRANS_CRACK_NO_H from the MON_DIS_JPCC_REYV table.

SectionLength = Length of the LTPP test section. This length comes
from multiple tables in the LTPP database.

JointSpacing = Average joint spacing on the test section. Haita
elements comes from multiplebias in the LTPP database.

The HPMS16 percent cracking field in this table is computed using the following equation:

61 GLXIX "Yowd _"'GsiQz 100
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Figure 18. Equation. Computation of HPMS16_CRACKING_PERCENT_JPCC field in
the MON_DIS JPCC_CRACK_INDEX table.
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Where

TranverseCrackingems 166 = HPMS16_CRACKING_PERCENT_JPCC field in the
MON_DIS_PJCC_CRACK_INDEX table

Cracked_Salbs_Half = CRACKED_SLABS HALF field stored in the
MON_DIS_JPCC_REYV table.

Slab_Count = SLAB_COUNT field stored in the
MON_DIS_JPCC_REV tabl Note that LTPP counts full width PCC patches as new
slabs for the purpose of this computation.

TRANSVERSE PROFILE DISTORTION

The bulk of the data from which users can obtain information on test section rutting is based on
interpretatiorof transverse profile measuremerifikese data are stored in tables whose names
begin with MON_T_PROF. Early in the program,-d&ipth measurementgere made using a
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1.2m (4ft) straightedge reference. These measurements were primarily taken-GrtedPS

sections, although such measurements on other test sections varied by LTPP region. These data
are stored in the MON_RUT_DHPI_POINTtable. Transverse profile measurements have been
chosen by the LTPP program over inZ4ft) straightedge measurements because research has
shown that, in many instances, whpath depressions are wider than 1.2 rft)(4

Transvese profile measurements are taken using photographic and manual techniques. The
photographic technique results in romiform spacing between profile points. The manual
technique uses uniform 0.3@% (1 foot) spacing between profile points. As illustraiedrigure

19, the transverse elevations are adjusted to a reference line through the endpoints so that the
elevations of the endpoints are zero.

501682
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Source: FHWA

Figure 19. lllustration . lllustration of how transverse profile measurementare normalized
to lane edges.

In the January 2005 data release, the elevation of the last point@oshslopemeasurement

was added to théatabase for manual transverse profile measurements. These are measurements
performed using a Dipstick. Tmios nmeallli zvwesd ot hbey tu
an interpolation calculation procedure based on reestablishing the slope of #énecesfere and

adjusting all elevations relative to this reference. Whiledtossslopeelevation data can be

directly used with manually collected data, with a little judgment, it can also be used to un

normalize automated collected transverse crogesteasurements. The purpose of adding

these data is to allow an evaluation of transverse drainage and if the ruts hold water.

To obtain rutting information, the transverse profile shapes must be interpreted. This
interpretation was performed under oneéhaf LTPRsponsored data analysis efforts. The results
of these computations are stored in the MON_T_PROF_INDEX_ POINT and
MON_T_PROF_INDEX_SECTION tables. The values in the POINT table are those computed
for each measurement location, while the summarisstatfor all measurements on a test
section are stored in the SECTION table.
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A variety of transverse profile distortion indices, which can be used to characterize rutting, are
stored in the MON_T_PROF_INDEX_* tables. While the LTPP program has notwabged
indices that capture all aspects of rut characterization, two important measures of rut depth are
based on a 1.83 (6ft) straightedge and langidth wireline reference.

The draightedgeut-depth method is based on positioning the straightedggriaus locations in

each half of the lane until the maximum displacement from the bottom of the straightedge to the
top of the pavement surface is found. As showigure20, at each measurement location,

three surface profileistortion indices are computed for each half of the lane. These include
maximum depth, offset from lane edge to the point of maximum depth, and depression width.

For the SDR28 data release in January 2014, an updated version of the algorithm used to
compue transverse pavement profile parameters was developed to replace the older, program
which was no longer compatible with current computer operating systems. The new program
based on a 68it operating system resulted in some minor differences from prevesults

which are attributed to how significant digits in flaating-point mathematical operations are
represented. These minor differences are not expected to influence pavement performance
models developed from previously released data.

«+— Right Lane Half ———>«———— | eftLane Half ———}
«— Depression Width «—— Depression Width —
I Straightedge
Denth
| Depth
Offsets

Outside Lane Edge

Source: HWA

Figure 20. lllustration. lllustration of LTPP transverse pavement distortion indices based
on 1.8m (6 ft) straightedge reference.

The lanewidth wireline rutindices are based @mchoring an imaginary wireline at each lane
edge. The wire reference connects any peak elevation point that extends above the lane edges
with straight lines. The wireline reference method is illustratddgare21.
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Figure 21 lllustration. lllustration of LTPP transverse pavement distortion indices based
on lane-width wireline reference.

The reason these indices are referred to as transverse profile distortion indices is that the location
of the maximum depth is not constrained to the wheel path. The algorithm was constrained only
to each half of the lane.

LTPP Database Tip!

Transverse profile statistics are available for PS@aced pavements. This is an interesting ¢lata
source for those tarested in ruts on PCg&urfaced pavements. In 2001, the LTPP program
stopped the photographic interpretation of transverse profile measurements on PCC pavgments,
though data is still being collected manually.

MON_T_PROF Tables
The relational structure dfie MON_T_PROF tables is shownkigure22.

MON_T_PROF_VISIT : This table contains information on the general characteristics of
transverse profile measurement data, including date, measuremeet dewitber of profiles
measured, and measurement widthis is the parent table for all other tables stored in the
MON_T_PROF_* submodule. In 201he MON_T_PROF tables were assigned new key fields
consisting of VISIT_NO and RUN_Nhich aredefinedin this table. VISIT_NO is the

primary key toall the other MON_T_PROF tablesince it is a unique value assignea&zh
measurement cycle performed on a test section. The RUN_NO field was added in case more than
one set of measurements were performed duh@game visitThe content of the
DEVICE_CODE field in MON_T_PROR/ISIT indicates the type of measurement. A value of
APO i ndicates a p hfoloo girnadpacuattdigssekansasureeneme n t
AiLo i nlasérmasetimeasurementhe MON_T_PROF_VISIT table replaces the
MON_T_PROF_MASTER table which is no longer distributed.
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MON_T_PROF _

MON_T_ _PROF_ELE MON_T_PROF_CROSSES

MON_T_ PROF _ | NDE MON_T_ PROF _| NDEX|

Source: FHWA
Figure 22. Schematic Relational structure baween tables in the MON_T_PROF module.

MON_T_PROF_ELEVATION : This table contains edgermalized transversdevation data.

In 2019, the table was reformatted to contain a single elevation data point at a specific station
and transverse offset as a funotaf VISIT_NO and RUN_NO fields defined in the
MON_T_PROF_VISIT tableThis was done to accommodate storage of the more than 2,000
possible elevation points from the measurements using the laser déwsceble replaces the
MON_T_PROF_PROFILE table wtas no longer distributed.

MON_T_PROF_CROSS_SLOPE This table contains the elevation of the last data point,
relative to the begin point, of manual transverse profile measurements made using the Dipstick
device. This allows the transverse profile datagdairnormalized so that the true elevation

profile, relative to the outside edge of the pavement lane, can be computed. This table was first
released in January 2005.

MON_T_PROF_INDEX_POINT: This table contains transverse profile distortion indices for
each longitudinal measurement location.2019, the VISIT_NO and RUN_NO key fields were
added to the table to link it back to the data storage structure of the underlying MON_T_PROF
data tables.

MON_T_PROF_INDEX_SECTION: This table contains summary statistfor the transverse
profile distortion statistics stored in the MON_T_PROF_INDEX_POINT tdbleow also
contains the VISIT_NO and RUN_NO key fields.

MON_RUT_DEPTH_POINT : This table contains rtdepth information collected manually in

the field using a 1.2 (4ft) straightedge. These measurements were primarily limited teBSPS

test sections; however, these measurements were also made on other test sections. The coverage
of these data varies between LTPP regions. Thessumaaents were discontinued since it can

be shown from the transverse profile measurements that on some pavements, the depression in
the wheel path can be wider that 1.2 m (4 ft).
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DISTRESS LINK TABLE

MON_DIS_LINK: This table contains information necesst@ryink data in various distress
tables.

MON_DIS_LINK was added to the database starting with the January 2008 release (data release
22). This table uses the SURVEY _ID field to provide an index to link distress records in various
distress tables that arersidered to be part of the same survey. This is useful when one part of a
distress survey was not performed on the same day as another. For example, if transverse profile
measurements were performed on a different day than the distress survey, the thalue i
SURVEY _ID field can be used to link these two records.

The way the link works is that for a unique test section specified by STATE_CODE and
SHRP_ID, the table names of tables containing data for that survey are listed with the same
SURVEY_ID. If a pation of a distress survey was not performed, then there will be no link in
the MON_DIS_LINK table for other parts of a survey. For example, if during a manual distress
survey on a JPCC pavement, a fault measurement survey was not also performed eheah ther
be no link for the record in the MON_DIS JPCP_REV table for records in the
MON_DIS_JPCC_FAULT table.

The following tables can be linked together as appropriate for the pavement type and type of
survey.

1 Manual distress survey on AC pavememiON_DIS AC_REV,
MON_T_PROFVISIT, MON_RUT_DEPTH_POINTand MON_DROP_SEP

1 Photographic distress survey on AGvement MON_DIS PADIAS42_AC or
MON_DIS PADIAS_AC and MON_T_PROF_MASTER

1 Manual distress survey on JPCC paveniedON_DIS _JPCC_REV,
MON_T_ PROFVISIT, MON_JPCC_FAULTand MON_DROP_SEP.

1 Manual distress survey on CRCP pavenieMtON_DIS_CRCP_REV,
MON_T_PROFVISIT, and MON_DROP_SEP.

1 Photographic surveys on JPCC pavemem8ON_DIS PADIAS_JPCC or
MON_DIS_PADIAS42_JPCC and MON_T_PROHASIT.

LONGITUDINAL PROFIL E AND TEXTURE

The majority of longitudinaprofile measurementre taken on LTPP test sections using inertial
profilers. Throughout the history of the program, four different ineptiafilers have been used.

The first profiler was the K.J. Law Engineering model DNC690. This profiler was used from
June 1989 through April 1997. The second inertial profiler used on LTPP test sections was the
K.J. Law Engineering model T6600. The tramsitto the model T6600 began in July 1996.
Implementation dates for the new equipment varied by region. The program transitioned to the
International Cybernetics Corporation model MDR4086L3 profiler in July 2002013, the
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program transitioned to the AMEENgineering model 8300 Survey Pro High Speed Profiler.
Each of these profilers usdifferent types of instrumentation technology

From a data availability perspective, only 0.30%1 ft) moving average profile data are

available for measurement withetbNC690. The raw 2&m (linch) interval profile

measurements are available for most measurements taken with the other three devices. The raw
data can beetrieved from InfoPave.

For a small number of test sections, primarily those located in Alaska,iHamcaPuerto Rico,
where it is not practical to obtain measurements using an LTPP inertial profiler, longitudinal
profile measurementre taken using a device manufactured by FAQE&lIled DipsticR, which

is operated manually. This device measures the surface elevation ah® (3§ intervals.

The data from these units is stored in the MON_HSS series of tables, which completelgreplace
the previous MON_PROFILE tablddnlike most monitoring tables, the MONSS tables are
primarily driven off a single key fiefil VISIT _NO. This value typically contains the

STATE_CODE and SHRP_ID of the section, plus two characters to uniquely identify a set of
runs along the sectiolVhile this naming convention allows easyriti&cation of the section, it
should be avoided for that purpose in data manipulation.

The VIST _NO key is supplemented with two other simple keys as necessary to keep unigueness:

RUN_NUMBER represents a single pass of the survey equipment along a gitren. 3éis
value is only unique to a given VISIT_NO

STATION is used to represent the location of the individual measurements along a section.
Standard section stationing is used here, with zero representing the section start.

Using these key field concegp the MON_HSS tables are as follows:
MON_HSS Profile Tables

MON_HSS_VISIT_NO: This table contains information related to ehgh-speedsurvey site
visit. This tablelinks the other tables contained in thi®N_HSSgroupto STATE_CODE and
SHRP_IDbased a VISIT_NO. It also contains the basic information that applies to the site for
the entire set of runs, such as surface condition and surfacetyipéesh

MON_HSS RUN_NO:This table contains identification tife survey rus uploaded to the
databaseluringeach visitWhile five repeat runs are the LTPP standard, in some dasz$or
runs having more or less than 5 repeat data sets are contained in the database. Only one
measurement is contained in the database when the longitudinal profile was mesisgréteu
manual Dipstick. This tablecludes basic identifying information such as date and tintleeof
run, as well as latitude and longitude of the section start as measured by thhisitible also
containsrun-specific comments and information sgi to the individual pass such as surface
and air temperatures.

MON_HSS_ UNIT_ID: This table containkigh-speed survey unit identification information
such as manufacturer, model number, and serial number.
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MON_HSS PROFILE_ELEVATION_25: This table contais high speed survey profile
elevation data at 25mm or 25.4mm intervalsis is the highest resolution of profile data
available in the LTPP databaddis table is nav populated with data collected prior to the
introduction of theAMES profilersand 25mm data collected with the AMES profilers.

MON_HSS PROFILE_ELEVATION_150: For inertial profilers, this table contains the 0.305
or 0.300m (1or 0.98ft) moving average of the profile measurements, stored at 0.153 orr.150
(0.5 or 0.491) intervals, depeding on the measurement device. For the FACE Dipstick, G305
(1 ft) interval measurements are collect&tis data is not available in ppopulated Microsoft®
Access tables due to the number of tables required. This data is extracted on demand from
InfoPave in Microsoft SQL format.

MON_HSS PROFILE_SECTION: This table contains information on the computed profile
and ride parameters. Some of the computed parameters include the International Roughness
Index(IRI), theRoot Mean Square Vertical Acceleration (RMSVA), and an approximation of
the American Association of State Highway Officials (AASHO) Road Test slope variance
parameter. These data are calculated for each measurement pass on a section.

MON_HSS Texture Table

In addition to longitudinal profile, the AMES Engineering model 8300 also collects surface
texturedata.This data is collected at the same time as the profile data, and therefore, the section
and run identifying information is the sanaad contained in MON_HSS_VISIT_NO,

MON_HSS RUN_NO, and MON_HSS_UNIT_ID.

MON_HSS TEXTURE_SEGMENT: This table contains surface texture data such as mean
segment depth and skew for both wheel paths. The units collect data at a much higher frequency
(approx. 05 mm), and this table is an aggregation of that data to 100mm segments. This data is
only collected by th&MES units, and is therefore only available starting around 20l data

is not available in prpopulated Microsoft® Access tables due to thenber of tables required.

This data is extracted on demand from InfoPave in Microsoft SQL format.

MON_HSS TEXTURE_SECTION: This table contains texture information averaged for the
entire section for each wheel path.

DEFLECTION MEASUREME NTS

LTPP regional comactors make deflection measurements using FVFRED data, pavement
temperature gradient datand computed parameters based on FWD measurements are stored in
tables wiose names begin with MON_DEFL.

Because of the large volume of deflection testing conducted by the LTPP program, data recorded
in a single FWD output file is spread across multiple tables to reduce redundancy and improve
data storage efficiency. The overstituctural relationship between the tables used to store FWD
data is shown ifrigure23. The first three letters of the table names showkigare23, which is

MON, have been omitted for presentation pugsodVhile a distributed data storage structure

can be daunting to users accustomed to flat formats, with an understanding of the relationships
between these tables, the data can be reassembled into many desired formats.
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Source: FHWA
Figure 23. Schematic Structural relationship between tables used to store FWD data.

Because of the size of the deflection timstory datathey are not stored in the database. Time
history files in their nativéormat can be requested throudle Ancillary Data Selection and
Download under Data in InfoPave

MON_DEFL Tables

MON_DEFL_MASTER: This table contains summary information on measurements taken
during a measurement day. Data stored in this table includgsties number of deflection
measurement passes, FWD serial number, operator, data collection software, and the format of
the timehistory files generated. This is the parent table for all other tables stored in the
MON_DEFL submodule.

MON_DEFL_LOC_INFO: This table contains information specific to each point at which
testing was conducted. Its contents include the time at which testing was initiated, the
longitudinal and transverse location of the test point, and the air and pavement surface
temperatures nasured by instruments on the FWD. The LANE_NO field indicates the type of
deflection test (basin or load trangfehe general location of the test (lane edge, wheel path,
lane center, corner, or joint), and the type of surface rabbeing tested. These codes are
shown under LANE_SPEC in the CODES table. The CONFIGURATION_NO field is used to
link to the MON_DEFL_DEV_CONFIG and MON_DEFL_DEV_SENSOR tables that contain
data on sensor spacing and calibration.

MON_DEFL_DROP_DATA: This table contains peak deflectiand applied load
measurements for every drop conducted at each test point on a section. This is currently the
secondargest table in the database. Each record represents one teSthdrop
NON_DECREASING_DEFL field is populated with a 1 if a rdecreasing deflection pattern is
detected for a basin te3this data is not available in ppwpulated Microsoft® Access tables
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due to the number of tables required. This data is extractddroand from InfoPave in
Microsoft SQL format.

MON_DEFL_DEV_CONFIG: This table and its child, MON_DEFL_DEV_SENSORS,

contain information specific to the configuration of the FWD during testing. These
configurations are typically stable over many tests.dtgents include the number of deflection
sensors used, load plate radius, and load cell and temperature sensor calibration factors. This
table is linked to MON_DEFL_LOC_INFO through the CONFIGURATION_NO field.

MON_DEFL_DEV_SENSORS:This table contains defttion sensor offsgtalibration factors,
and serial numbers. This table is linked to MON_DEFL_LOC_INFO through the
CONFIGURATION_NO field. The CENTER_OFFSET_FLAG field is populated when the
location of a sensor nsidered suspect based on analysis of the deflection basin.

MON_DEFL_EST _SENSOR_OFFSET:This table contains estimates of deflection sensor
offsetin those cases where analysis of the deflection basin suggestethgborted location in

the MON_DEFL_DEV_SENSOR table is not correct and corroborating evidence of sensor
misplacement does not exist. Values in this table are determined based on engineering analysis
of the deflection data.

MON_DEFL_TEMP_DEPTHS: This talle contains the depths at which temperature gradient
dataare collected during FWD testing. Generally, temperature measurements are taken at a
minimum of three depths in the pavement structure. In s@ses, it has been found that the
temperature depth holes were drilled completely through the bound surface layer and into the
base material. Data users should evaluate thedeglhs against the information stored in the
TST_LO5A and TST_LO5B tables tietermine their position in the pavement structure.

MON_DEFL_TEMP_VALUES: This table contains temperatures measured at the depths
recorded in the MON_DEFL_TEMP_DEPTHS table.

MON_DEFL_BUFFER_SHAPE: This table contains informatioon the four different styles of
buffers used on the LTPP FWDs. Buffer use is aggregated by time period.

MON_DEFL_LTE: This table contains the Load Transfer Efficient (LTE) computed parameter.
LTE is computed from FWD measurements at transverse jointsracks on PCC pavements.

The data these measurements are computed from are stored in the MON_DEFL_DROP_DATA
table. LTE measurements can be identified in the MON_DEFL_DROP_DATA table using the
LANE_NO field. Tests with a LANE_NO of J4 or C4 are load transésts where the load plate

is positioned on the approach side of the joint/crack. Tests with a LANE_NO of J5 or C5 are
load transfer tests with the load plate positioned on the leave side of the joint/crack.
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The value of LTE is computed using the foliogy equation:

A
LTE = —* = 100%
d,

Figure 24. Equation. Load transfer efficiency.

Where
LTE = Load transfer efficiency, %
du = Peak measured deflection treunloaded side ahejoint or crack
d = Peak measured deflection treloaded side othejoint or crack.

Restrictions on the LTE computations and reported values include:
1 LANE_NO in the MON_DEFL_DROP_DATA table must be C4, C5, J4, or J5.

1 Both the loaded and unloadideflection values used in the LTE computation must be
nortnull and not egal to zero.

1 The LTE value is less than 130%.

The MON_DEFL_LTE table does not contain a RECORD_STATUS field since the restrictions
on computations provide effective quality control of the values reported in the table.

BACKCALCULATION

The BAKCAL tables cordin information related to tHeackcalculation of material properties of
layers in the pavement structdoe each LTPP test section based on the deflection information
available in the MON_DEFL table$his work used thaleflection dataontainedn the January

2013 public data releas8@R 27. The processes and procedures used for this computed
parameter are docume n t-Eedn PavementiPerforinanéeProdgraenp o r t
Determination of IAPlaceElastic Layer Modulus: Backcalculation Methodology and

Procedures (Von Quintus, Rao and Irwin 2015)

Backcalculation Process
The process usdd perform the backcalculatios shown inFigure25.
Threebackcalculation programs were used in step 5 of the process

1 EverCalcwas the primary backcalculation program used for the analyses and was used
for all LTPP data and all pavement types in LTPP. Theand postprocessing utility
tools for theEverCalc analyses were fully automated. The automation process included
generating the input files based on pavement simulation rules, the execlCHlc,
and pos{processing the results.
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1 Modcomp 6.0nvas used as the auxiliapyogram to backcalculate results for those LTPP
sections that did not yield acceptable results ®ithiCalc. The Modcomp analyses were
semiautomated as an iterative approach and the simulated backcalculation structure was
selected on aaseby-case basiantil the results converged within the selected criteria.

1 TheBest Fitprocedure was used to analyze LTPP sections with a PCC surface to obtain
the subgrade-kalue and the elastic moduli of the PCC and base layers.
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Figure 25. Schematic.Summary of backcalculation process

References to publications documenting these analytical procedures can be found on the LTPP
Web site oiin the Library section of InfoPave.fhwa.dot.gov
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BAKCAL Tables

There are three basic types of tables in the BAKCAL datddeeitification tables,
backcalculation modulus tables, and best fit modulus tables.

The identification tables primarily provide information necessary to link the data in the
BAKCAL tables back to the MON_DEFL set of tabl&s.make the BAKCAL tables easier to

use, he key fields used in the MON_DEFL tables were generally replaced with keys specific to
the BAKCAL tablesThe two primary BAKCAL identification tableBAKCAL_PASS and
BAKCAL_BASIN, essentially establish these keys.

The key field FWD_PASS represents the level of summarization used for section levelltesults.
replaces the TEST_DATE, LANE_NO, and DROP_HEIGHT information in the MON_DEFL
tables It also serves to distinggh multiple runs of the same LANE_NO on the same aay

feature not present in the current set of MON_DEFL k&g must be combined with
STATE_CODE and SHRP_ID to be unique.

The key field BASIN_NO replaces the rest of the MON_DEFL keys necessary ricqueewdrop
set in MON_DEFL_DROP_DATA, including TEST_TIME, POINT_LOC, and DROP_NO.
This must be combined with STATE_CODE, SHRP_ID, and FWD_PASS to be unique.

When these two keys are combined with STATE_CODE and SHRP_ID, an individual deflection
basin can & identified with four key fields in the BAKCAL tables instead of eight key fields in
the MON_DEFL tables.

The five BAKCAL tables used for identification are:

BAKCAL_PASS: This table includes information specific to the highest level of aggregation
used bythe backcalculation teanfihe table retains the STATE_CODE and SHRPidéntifiers
anduses a single ke*WD_PASSto replace the TEST_DATE, LANE_N@nd
DROP_HEIGHT fields used in MON_DEFL. Additionally, it identifies the backcalculation
structure useth the process with the BC_STRUCTURE_NO field.

BAKCAL_BASIN: Using the same concepts as PASS, this table further defines items specific

to each individual drop in MON_DEFIBASIN_NO is used to replace TEST_TIME,

POINT_LOC, and DROP_NO used in the MON_DBE#&bles.This table also contains basin

specific information such as drop load, temperature information, and a basic basin type identifier.

BAKCAL_STRUCTURE_LAYERS: This table contains information on the type and thickness

of the layer structure used fordkaalculation purpose3he layer types are identified by a set of
codes unique to backcalculation tables, based on a classification system developed for the effort
that is less specific than those used elsewhere in the database, such as TSThé (ébRe

numbering is also differerthan most of the rest of the database, in that layer 1 is the surface, and
the layer numbers increase with depth.

BAKCAL_BEST_FIT_LAYERS: This table contains information on the type and thickness of
the layer structure usedrfthe best fit backcalculation purposé&hbe type codes are the same as
those used for BAKCAL_STRUCTURE_LAYERS8ecause the layering for the best fit process
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is fixed, the layers are not identified by layer number, but instead layer type, which is always
either PCC or BASE.

BAKCAL_LAYER_LINK: This table provides the link between the layering system used for
backcalculation and TST_LO5Be layering system used in most of the rest of the datdbase.
addition to providing the link, this table identifies viner the structure of the section has been
significantly changed since the backcalculation effort took pkaethis purpose, a difference

of 0.5 inches has been chosen to represent a significant thickness &mngeange that has
occurred is identigd in the SIGNIFICANT_STRUCTURE_CHANGE field, which identifies the
nature and extent of the difference.

The backcalculation modulus tables are presented at the basin and section level, and divided into
a master and layer table for eathe section levekbles are aggregated to the FWD_PASS
level.

BAKCAL_MODULUS BASIN_LAYER: This table contains backcalculated modulus values
for each measured deflection basin.

BAKCAL_MODULUS BASIN_MASTER: This table contains backcalculation fit and quality
measures for eaateflection basinERROR_STATUS is the major indicator of quality in this
table, and is based on the RMSE of the fit, as well as whether the modulus is considered
acceptable for the designated material type.

BAKCAL_MODULUS_SECTION_LAYER: This table contais backcalculated modulus
values averaged for each FWD_PA8®Iy data that has an ERROR_STATUS =1 or 2 in the
BASIN table is aggregated in the SECTION tableis means that occasionally, there is no
sectionlevel entry for an FWD_PASS.

BAKCAL_MODULUS_SEC TION_MASTER: This table contains information on the number
of basins aggregated, the average RMSE, depth to rigid layer (if it exists), and the
backcalculation program used to provide the results.

The best fit modulus tables follow the same concepts dsttlealculation modulus tables, but

only apply to PCC sections to which the best fit process was appéeduse the process has a
defined layer structure, the results are not assigned to a specific layer number, but either the PCC
or base layer.

BAKCAL_BEST_FIT_BASIN_LAYER: This table contains best fit backcalculation modulus
values for each deflection basin.

BAKCAL_BEST_FIT_BASIN_MASTER: The table contains the primary quality indicator,
ERROR_STATUS, same as the corresponding MODULUS t#laéso comains a composite
modulus and kvalue for the section, as well as information on the beta factor assigned to the
section (used to determine the modulus split for the layer structure chosen).

BAKCAL_BEST_FIT_SECTION_LAYER: This table contains best fit bagktculated
modulus values for each FWD_PAS3ly data that has an ERROR_STATUS =1 or 2 in the
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BASIN table is aggregated in the SECTION tableis means that occasionally, there is no
sectionlevel entry for an FWD_PASS.

BAKCAL _BEST FIT_SECTION_MASTER: This table contains section averaged values of
the information provided in the corresponding BASIN talilalso contains a code identifying
the subgrade layer type assigned to the section.

In addition to this current set of backcalculation data, thereavpai®r backcalculation analysis
performed with the data available in 1991e data used in these computations and their results
were stored in tables whose names begin with either MON_DEFL_FLX or MON_DEFL_RGD.
The MON_DEFL_FLX tables contained the inpatsd results of the layered elastic analysis
conducted on both flexible and rigid pavement structures. The MON_DEFL_RGD tables
contained the inputs and results of slab analysis based on plate theory that was conducted on
PCGsurfaced pavement structur@siese tables were last released in the January 2@06lard
Data Release. Thesan be obtained from InfoPave.

FRICTION

The Friction submodule includes only the MON_FRICTION table. Because of the proprietary
nature of this data, submissimwvoluntary. The LTPP program has no control over the data
collection method, measurement equipment, or calibration of the equipment used for these
measurements. The database does not contain surface texture measurements and related
information that aréraditionally used to link pavement properties to measured friction levels.

MON_FRICTION: This table contains the results of friction tests on pavement sections where
the State/Provincial highway agency was willing to provide the data.

DRAINAGE

Tables in his module contain information on the video inspection of subsurface pavement
drainageoutlet features and field permeability tests and calculations. The video inspections were
performed under FHWA LTPP contract independent of the pertitgdbsts. The permeability

tests and calculations were performed under NCHRP Cont&det D, A Ef fects of Su
Drainage on Performance of Asphalt and Concrete Pavements: Further Evaluation and Analysis

of LTPP SPS&L and SPL Field Sections (Hall and Corvetti 2007)

Drainage Outlet Video Inspections

Subsurface video inspections of drainage outlets structures were begun in September 2001 on
SPS1, -2, and-6 projects. The video inspections were performed by passing bviteal

camera up the drainage outlet structures and noting the condition of the subsurface passageway.
Data from these inspections were first included in the July 2004 data release. The following three
tables contain data and information collected dutivegvideo inspections.

MON_DRAIN_MASTER: This table contains information on the permanent features of the

edge drain system and the location of the lateral openings. Since the data stored in this table are
from ingections on SPS project sites with multiple test sections, the primary keys are related to
a projectlevel identifier. These data are from video inspections of the dragyasgem that start
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from an exposed lateralde drain structure. Ehkey field LATERAL _ID, in combination with
PROJECT_STATION and NEAREST_SECTION, provides an indication of the location of the
drainage structure being inspected. The SPS_PROJECT_STATIONS table can be used to
understand the location of the lateral draimpenspected relative to other sections on SPS
projects.

MON_DRAIN_CONDITION: This table contains information regarding the condition of the
lateral openings and the area around the lateral openings at the time of inspection.

MON_DRAIN_INSPECT: This tablecontains information on the results of the video edge
drain inspection. Significant events in the inspection are recorded as a function of the distance of
insertion of the camera within the drainage outlpes.

SPS1 & 2 Field Permeability Measurements and Calculations

Field permeability measurements and calculations contained in these two tables are from the
final report from NCHRP Project34D. (Hall and Corvetti 2007 hese data are the results of
field measurements by the study team based on direct injection of water into the permeable
subsurface layers constructed on designatedISit#l 2 test sections. In addition to
observations that the injected water did not drain out of the drainage structuratesstim
permeability of the sulsurface drainage system structures are based on calcutaadessing

the assumptions based on field measurements. The report also contains other significant
information on soils and topography at SP8nd 2 sites includkin the study that are not
contained in the LTPP database. The final report can be obtained from this web link:
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt _583.pdf

MON_DRAIN_PERM_MEAS: This table contains the measurement data set used to estimate
the hydraulic conductivity contained in the MON_DRAIN_PERM_CALC table.

MON_DRAIN_PERM_CALC: This table contains the results of the estimated hydraulic
conductivity of the substace permeable drainage layer and outflow structures ofiL3iP8-2
projects included in the study. Values used in the computed hydraulic conductivity estimate are
contained in this table. This table is linked to the MON_DRAIN_PERM_MEAS table using only
the three key fields of STATE_CODE, SHRP_ID, and POINT_LOC. Future repeat
measurements are not anticipated.

DOWEL BAR ALIGNMENT

New to the LTPP release July 2018 are dowel bar alignment measurements using the MIT
Scan device. Measurements on LTPP tedies using MIT Scan wergimarily performed

during 2016 on 121 jointed PCC pavement test sections contained in HZaBESPS3
experiments. The MIT Scan deviaeesmagnetic imaging techniques to measure the alignment
of dowelsat the transverse jatis on jointed PCC pavement$e data contained in these tables
include the interpretegrimary alignment data for each dowel at each joint on a test section and
computed parameters including joint score and effective dowel diameter based on procedures
presenédin the NationalCooperativeHighway Research Program Report §8&zanovich,

Hoegh and Snyder 20Q9)
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This data set was used unddrT@P-sponsored research project to investiglagerelationship
between dowel bar aligrent andointedconcretepavement distresses. The results of this
research are scheduled to be published by FHWA in the future.

MON_MIT_VISIT : This tableserves as the master parent table in the MON_MIT_* wdie
storageconfiguration since it defineshe general parametesswhenMIT Scanmeasurements
were performedhe joint locationsvheremeasurements weperformedand the general inputs
used in analysis of dowel bar joint alignment resétkey field in this tablehat links all the
other MON MIT tables to each othés JOINT_NO.The combination of STATE_CODE,
SHRP_ID and JOINT_N@niquely defines each measurement location on a test section.

MON_MIT_DOWEL : This tables containadividual alignment information from MITScan

for each dowel baat a joint. While the combination of STATE_CODE, SHRP_abd

JOINT_NO uniquely defines each measurement location on a test section, in this table,
BAR_NO represents an index for each dowellbeated at the joint. This table also contains the
computed DOVEL_SCORE parameter, based on the dowel alignment parameters contained in
this tableas documented in the research report on this subject

MON_MIT_JOINT : This table contains the joint score and effective dowel diarneteputed
parameters based on the DOWIEBSCORE and distortion statistics for each dowel bar at a
transverse PCC joint.

Since the alignment of dowel bars are based on a joint by joint basis, no statistics based on
JOINT_SCOREareprovided for a test section.
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CHAPTER 10. SEASONAL MONITORING PROGRAM MODULE

The Seasonal Monitoring Program (SMiR)dy is designed to measure the impact of daily and
yearly temperature and moisture changes on pavement structures and the response to loads.
Sixty-three test sections were seledteuin the GPS and SPS studies and were monitored for
temperature and moisture, anchaghertharrtnormal intervals for distress, deflection, and
longitudinal profile. Measurements specific to sections in the SMP were made using the
following devices:

Time-Domain Reflectometry: Subsurface moisture changes.
Thermistor Probes: Subsurface temperature changes.
Electrical Resistivity: Frost/thaw depth.

Piezometer: Groundwater table determination.

Air Temperature Probes: Ambient temperature.
Tipping-Bucket RainGauge: Precipitation.

= =4 =4 -8 8 -9

The data collected from these devices are stored in the tables contained in the SMP module. All
other data collected at sites within the SMP, but not specific to sites in the SMP, are stored in the
usual tables external to the SMP matad For example, deflection measurements on SMP test
sections are stored in the MON_DEFL series of tables.

At the inception of the SMP program, subsurface tttomain reflectometry and electrical
resistivitymeasurements weitaken on a nominal monthly cycle. In the latter part of the SMP
program, selected sites were instrumented to take these measurements daily and, in some cases,
sub-daily to capture changes caused by rainfall. The only way to identify the sites with these

types of daily measurements is to inspect the contents of the tables containing these data.

In addition to the raw data as collected, sevevaiputed parameteese included that reduce the
raw data into values in engineering unftl. the raw data uset calculate the computed
parameters are included in the database.

AMBIENT TEMPERATURE AND PRECIPITATION

The ambient temperature and precipitation data collected from the onsite weather stations are
stored in the SMP_ATEMP_RAIN series of tables.

SMP_ATEMP_RAIN_HOUR: This table contains the average hourly temperature and the total
hourly precipitation. Temperature or precipitation data in this table may be null if an
instrumentation erravas discovered. The hour at the end of the averaging period is stored in the
ATEMP_RAIN_TIME field in 24hour military-style text format. The date of the measurement

is stored in the SMP_DATE field in a native date format.

SMP_ATEMP_RAIN_DAY: This table ontains the average, minimum, and maximum

ambient air temperatures over the course of attaytimes at which the minimum and
maximum temperatures occurreahd the cumulative precipitation. These values are computed
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directly from the SMP_ATEMP_RAIN_HOURible when at least 20 hours of data exist for a
day.

SUBSURFACE TEMPERATURE

Subsurface temperatures are stored in the SMP_MRCTEBH®i€s of tables (MRC is the
manufacturer of the type of thermistor used by the LTPP program)

SMP_MRCTEMP_AUTO_HOUR: This table contains the vast majority of subsurface
temperature datédt includes average hourly temperatures at a series of depths; however, it must
be linked to MP_MRCTEMP_DEPTHS using the THERM_NO field (and the STATE_CODE
and SHRP_ID for the section) to determine the depth at which the temperature was recorded.

SMP_MRCTEMP_MAN: This table contains the remainder of the subsurface temperature data.
Its format is ery similar to SMP_MRCTEMP_AUTO_HOUR; however, it contains manual
temperature measurements taken when the automatic temperature monitoring equipment was out
of service. Like SMP_MRCTEMP_AUTO_HOUR, it must be linked to

SMP_MRCTEMP_DEPTHS to determine theptteat which the temperature was measured.

SMP_MRCTEMP_AUTO_DAY_STATS: This table contains the average, minimum, and
maximum subsurface temperatures over the course of a day and the times at which the minimum
and maximum temperatures occurred. These valigebased on either the mindg-minute

readings recorded by the data logger or are computed from the averages stored in the
SMP_MRCTEMP_AUTO_HOUR table when recomputation of the daily statistics is needed for
adjustments, and like that tabtkeis tablemust be linked to SMP_MRCTEMP_DEPTHS to
determine the depth at which the temperature was measured.

SMP_MRCTEMP_DEPTHS: This table contains the depths at which each temperature probe

at an SMP section was installed and the date of installation. The pus&of this table is to

link to other SMP_MRCTEMP_tables, using the STATE_CODE, SHRP_ID, and

THERM_NO fields to determine the depth corresponding to a temperature reading. In some rare
cases, STATE_CODE, SHRP_ID, and THERMD Mo not resolve to a unique depth because

the thermistors were reinstalled at slightly different depths at some point after the initial
installation. In these cases, the link must be further refined using the INSTALL_DATE field.

SUBSURFACE MOISTURE CONTENT

The LTPP SMP uses tirdomain reflectometry (TDRp measure subsurface moisture content.
A description of the process is located in chapter 2 oB#@sonal Monitoring Program
Instrumentation Installation and Data QettionGuidelines (Rada, et al. 1995)

SMP_TDR_AUTO_MOISTURE: This table contains the volumetric and gravimetric moisture
contents calculated using TDR (the dry densite=duto convert volumetric to gravimetric
moisture conterdre inNSMP_MOISTURE_SUPPORT). The depths at which these moisture
contents were calculated can be determined by linking to SMP_TDR_DEPTHS_LENGTHS
using STATE_CODE, SHRP_ID, and TDR_NO. Further infation on the calculation of these
computed parameters can be foundminput for Moisture Calculatio@sDielectric Constant
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From Apparent LengtiPublication No. FHWARD-99-201. (Federal Highway Administration
1999)

SMP_TDR_AUTO_MOISTURE_TLE: This table contains volumetric and gravimetric

contents calculated using the transmission line equations (TLE) and micromechanics model to
interpret TDR traces staen the SMP_TDR_AUTO table. In addition to moisture contents, the
method &0 produces estimates of soil conductivity, reflectivity, and density used in the
computation process. Details on the basis of these computed parameters are contained in the
reportLTPP Computed Parameter: Moisture Contdtuplication Number: FHWAIRT-08
035LTPP.(Zollinger, et al. 2008)

SMP_TDR_AUTO_CALIBRATION_TLE: This table contains the values used to calibrate the
micromechanics model to each specific TDR sensor used as the basis of volumetric moisture and
density computions contained in the SMP_TDR_AUTO_MOISTURE_TLE table. Details on

the basis of these computed parameters are contained in theLfepBrComputed Parameter:
Moisture ContentPublication Number: FHWAIRT-08-035LTPP.(Zollinger, et al. 2008)

SMP_TDR_AUTO: This table contains a flat representation of the TDR waveform. The
measured reflected waveform is sampled at 245 intervals and stored in the WAVP_1 through
WAVP_245 fields. The distance interval between samples is recordid i
DIST_WAV_POINTS field. This table is only useful to the analyst who is interested in
reinterpreting the raw TDR data.

SMP_TDR_MANUAL_DIELECTRIC: This table contains dielectric constants interpreted
from TDR measurements recorded on paper strip ctarisg installation of SMP
instrumentation. The protocol for interpretation of the manual TDR measurements is stored in
LTPP Directive SM28.

SMP_TDR_AUTO_DIELECTRIC: This table contains the dielectric constant interpreted from
the waveforms stored in SMPDR_AUTO and several intermediate calculations.

SMP_TDR_DEPTHS_LENGTHS: This table contains information on the physical

characteristics of the TDR probes, including the depth at which the probe is installed, the length
of the probe, and its installatioate. The primary use of this table is to link to other

SMP_TDR_* tables, using the STATE_CODE, SHRP_ID, and TDR_NO fields to determine the
depth corresponding to a moisture reading. In some rare cases, STATE_CODE, SHRP_ID, and
TDR_NO do not resolve to a igue depth because the thermistors were reinstalled at slightly
different depths at some point after the initial installation. In these cases, the link must be further
refined, using the INSTALL_DATE field. A secondary use of this table is to determine the

length of the TDR probe, which is necessary when reinterpreting the TDR data.

SMP_TDR_MOISTURE_SUPPORT: This table contains the dry density of soils sampled

from areas adjacent to each of the TDR probes. These data are primarily useful for converting
volumetric moisture contents to gravimetric moisture contents. For some samples, giauttion
plastic limit data are also available.

SMP_DRY_DENSITY: This table is an alternate source of soil dry density data. Data are
limited to one dry desity per SMP site, with the test conducted on samples obtained from
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approximately 1 m below the pavement surface. In practice, the utility of this table is limited
because of low data availability.

SMP_GRAV_MOIST: This table contains the results of laborgtgravimetric moisture testing
of materials sampled adjacent to each TDR probe at the time of installation.

FROST PENETRATION

The LTPP SMP uses a combination of subsurface temperature and electrical resistivity
estimatefrost penetrationThe soil resistivity probes used by the LTPP program are all identical;
however, the data have been collected in slightly different ways, as described below.

SMP_ERESIST_MANUAL_CONTACT: This talbe contains manually collected voltage and

current, and the calculated resistance between adjacent electrodes on the probe. This resistance is
the contact resistance. The depths of the electrodes can be determined by linking
ELECTRODE_START and ELECTRODEND to ELECTRODE_NO in the
SMP_ERESIST_DEPTHS table.

SMP_ERESIST_MAN_4POINT: This table contains the manually collected voltage and
current, and the calculated bulk resistivity of the material around the probe using tpeifdur
method. This process isst®ibed further in chapter 2 8easonal Monitoring Program

Guidelines The depths of the electrodes across which these measurements were made can be
determined by linking EAMP_START and EAMP_END to ELECTRODE_NO in the
SMP_ERESIST_DEPTHS table.

SMP_ERESIST_AUTO: This table contains automatically collected voltage data between

adjacent electrodes on the probe using a multiplexer from the Cold Regions Research and
Engineering Laboratory. This multiplexer only measures voltage between electrode pairs;
contactresistance cannot be calculated. Significant changes in voltage with depth at a given time
can be used to indicate changes in the freeze state of the soil. The depths of the electrodes across
which these measurements were made can be determined by EMEG@IRODE_START and
ELECTRODE_END to ELECTRODE_NO in the SMP_ERESIST_DEPTHS table.

SMP_ERESIST_AUTO_ABF: This table contains automatically collected data from an ABF

data logger that uses an internal reference resighich allows the contact resistartoebe

computed between electrode pairs. The contact resistance is computed using the

APPLIED VOLTAGE contained in the SMP_ERESIST_ABF_RES VA table and the

VOLTAGE contained in this table. In situations where the value of APPLIED VOLTAGE is not
available frost zone indications can be detected by significant changes in voltage with depth at a
given measurement time.

SMP_ERESIST_ABF_RES_VA:This table contains applied voltage from the ABF data logger
used to compute the contact resistance between electriosistpeed in the
SMP_ERESIST_AUTO_ABF table. Generally, this table is only of use to the analyst who
wishes to recalculate the contact resistance data stored in SMP_ERESIST_AUTO_ABF table.

SMP_ERESIST_DEPTHS:This table contains the depths at which eadhstivity probe at an
SMP section was installed and the date of installation. The primary use of this table is to link to

80



other SMP_ERESIST_* tables, using the STATE_CODE, SHRP_ID, and ELECTRODE_NO
fields to determine the depth corresponding to a resistanresistivity reading. In some rare
cases, STATE_CODE, SHRP_ID, and THERM_NO do not resolve to a unique depth because
the probes were reinstalled at slightly different depths at some time after the initial installation.
In these cases, the link mustfoether refined using the INSTALL _DATE field.

SMP_FREEZE_STATE: This table contains the computed parameters necessary to determine
whether the pavement layers at a given depth are frozen or not. It includes resistivity and contact
resistance extracted rorSMP_ERESIST_MAN_4POINT and

SMP_ERESIST_MAN_CONTACT, the daily average temperature extracted from
SMP_MRC_TEMP_AUTO_DAY_STATS, and a determination of the freeze state of the soil
based on these values.

For data release 22 and prior data releases, infamman the calculation of these computed
parameters can be foundfkneezeThaw Monograph for LTPRPublication No. FHWARD-98-
177.(Federal Highway Administration 1998his data was updated in data release 23.
Information onthe calculations of these computed parameters can be fouém Computed
Parameter: Frost PenetratioRublication NoFHWA-HRT-08-057. (Selezneva, et al. 2008)

SMP_FROST_PENETRATION: This table contains an estimation of tiggoer and lower
boundaries of the frozen layer based on the computed parameters in the SMP_FREEZE_STATE
table.

SMP_FROST_PRESENCE:This table was added to the database as part of the update of the
frost penetration estimates included in data releaset8 tdble contains the number of frozen
layers on a test day from interpretation of the measurement on SMP test sections.

DEPTH TO WATER TABLE

The LTPP SMP uses an observation well (this
pi ezomet er 0 tifigdorthe peenatts@ pnosess far diribing wells) to determine if the
depthto thewater table is within approximately 5 m of the pavement surface. In many cases, the
observation well did not extend to the water table.

SMP_WATERTAB_DEPTH_MAN: This table contains manual observations of the distance
from the pavement surface to the water table. A null in the WATERTAB_DEPTH indicates that
no water was found in the observation piezometer well.

SURFACE ELEVATION D ATA

Surface elevation measurements using aamdlevel surveying method were taken at each
SMP site at the time of FWD testing. Measurements were taken at the location of each FWD test
and are referenced to a froahd swellfree benchmd.

SMP_ELEV_AC_DATA: This table contains surface elevation measurements for asphalt
surfaced SMP sections. At each longitudinal location, elevation measurements were typically
taken at the pavement edge (PE), outegelipath (OWP), midlane (ML), inner wheel path
(IWP), and inner lane edge (ILE). To determine the actual transverse locations of these
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measurement points, this table must be linked to SMP_ELEV_AC_OFFSET using
STATE_CODE, SHRP_ID, and SMP_DATE.

SMP_ELEV_AC_OFFSET: This table contains the transverse offset of the elevation
measurement locations stored in SMP_ELEV_AC_DATA. In addition, it also contains a text
description of the equipment used to conduct the elevation survey.

SMP_ELEV_PCC_DATA: This table contas surface elevation measurements for PCC
surfaced SMP sections. At each longitudinal location, elevation measurements were typically
taken at the pavement edge (PE), midlane (ML), and inner lane edge (ILE). To determine the
actual transverse locationstbese measurement points, this table must be linked to
SMP_ELEV_PCC_OFFSET using STATE_CODE, SHRP_ID, and SMP_DATE.

SMP_ELEV_PCC_OFFSET: This table contains the transverse offset of the elevation
measurement locations stored in SMP_ELEV_PCC_DATA. In mdglit also contains a text
description of the equipment used to conduct the elevation survey.

JOINT OPENING AND FA ULTING

Joint opening and faulting measurements were typically collected concurrently with FWD testing
at the same locations as where theltvansfertests were conducted. The joint opening was
measured using snap rings installed in the joint, while faulting was measured using a-Georgia
style faultmeter (as done with standard LTPP distress surveys).

SMP_JOINT_FAULT_DATA: This table contains joint faulting measurements for PCC

surfaced SMP sections. At each longitudinal location for which FWD-ti@asfertesting was
conducted, joint fatihg was measured at the pavement edge (PE), midlane (ML), and inner lane
edge (ILE). To determine the actual transverse locations of these measurement points, this table
must be linked to SMP_JOINT_FAULT_OFFSET using STATE_CODE, SHRP_ID, and
SMP_DATE.

SMP_JOINT_FAULT_OFFSET: This table contains the transverse offset of the joint fault
measurement locations stored in SMP_JOINT_FAULT_DATA.

SMP_JOINT_GAUGE_DATA: This table contains joint opening measurements for-PCC
surfaced SMP sections. At each longitudioahtion for which FWD loadransfertesting was
conducted, the joint opening is measured at the pavement edge (PE), midlane (ML), and inner
lane edge (ILE). To determine the actual transverse locations of these measuremenhigoints, t
table must be linked to SMP_JOINT_GAUGE_OFFSET using STATE_CODE, SHRP_ID, and
SMP_DATE.

SMP_JOINT_GAUGE_OFFSET: This table contains the transverse offset of the joint opening
measurement locations stored in SMP_JOINT_GAUGE_DATA.

ADDITIONAL SMP TABLE S

SMP_LAYOUT _INFO: When using SMP data, it is critical to know the locations at which the
measurements were taken. SMP_LAYOUT _INFO is the sdoramuch of this information,
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including the location athe instrument hole where the TDR, thermistor, and resistance probes
were installed and the locations of the piezometer and the weather observation instrumentation.
Longitudinal and transverse locations for joint opening and faulting, and surface elevatio
measurements are located in other tables within the SMP module, as described elsewhere in this
chapter.

SMP_COMMENTS: This table contains a wealth of information regarding irregularities in data
collection. Equipment failure, unusual weather conditiarth @s flooding of an adjacent river,

and anything else out of the ordinary will be recorded in this table. These data are keyed to the
section ID, date of occurrence, and the table in whiclaffieeteddata is stored.
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CHAPTER 11. SPECIFIC PAVEMENT ST UDIES MODULE

The Specific Pavement Studies (SPS) module contains construction and location information for
SPS projects. The various SPS experiments are defined wihla2. New construction SP

projects include SR$, -2, -8, andsome-9 experiments, while SP§ -4, -5, -6, -7, and some9
designationsdentify the maintenance and rehabilitation projects. Tables with the SPS prefix
contain data that are general tbSPS experiments. Data that are specific to an SPS experiment
type are maintained in tables with prefixes that indicate the SPS experingeexception is
construction data from the SAB experiment in SDR9 thatare inother data modules.

Materialstesting and construction details within the SPS tables vary by experiment. Tables for
layer materials and thicknesses are included in the SPS modufesdimxperiments. These

tables are similar in purpose to the INV tables for GPS sections. Howewer 3#$ sections

enter the program at the time of their construction or rehabilitation, the data within the SPS
module reflect initial conditions as observed at that time. Information within this module comes
from construction data sheets that are filletlmuhighway agencies and LTPP regional
contractors and from materials testing conducted by the State highway agencies on samples
collected during and immediately following construction or rehabilitation. Data entry idgtone
LTPP regional offices.

IMPORT ANT FIELDS

Common fields unique to the SPS tables that can be used to link related data in associated tables
to each other include STATION, LIFT_NO, ROLLER_CODE, and PROJECT_STATION_NO.

STATION is used to denote the longitudinal position within each-&&St section where

transient dynamic response and Benkelman leating were conducted. STATION is the

distance in feet from the start of the test section. The usefulness of the field for relating data from
different &ables is limited since no transient dynamic response testing was ever done and hence
the SPS4 TRANSIENT_MEASURE table is empty of data.

LTPP Database Tip!

Several fields within SPS tables can be used to relate SPS table data to monitoring data ¢ollected
at specific locations on the test sections; however, the user must be careful to match converted

units when necessary. STATION_NO is used within SPS#_LAYER_THICKNESS tables tp
denote the longitudinal position relative to the start of the test section. SNAI@sed for the
same purpose within the SPS4 BENKELMAN_MEASURE table and POINT_DISTANCE |s
used within the SPS#_TRANSFER_EFFICIENCY and SPS9_LOAD_TRANS_EFFICIENQY
tables. The POINT_LOC field within the monitoring data tables uses meters, while eaeh of th
SPS fields uses feet. Attention to units is required when relating data through these fields

LIFT_NO can be useful in linking compactiamformation in the SPS# PMACOMPACTION
tables and the liftticknesses found in SPS# PMA PLACEMENT _ DATHese thicknesses
are found in fields with names such as AC_SURFACE_1ST_THICK, so the data cannot be
directly linked to LIFT_NO values that represent the sequential numbering AfliR8 To do
this, a manual count of the sequential lifts recorded within the
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SPS# PMA PLACEMENT_DATA table is needed to find the number that matches the first lift
of the AC surface layer, then that number must be substituted for LIFT_NO to extract the
compaction data from SPS# PMA_ COMPACTION.

ROLLER_CODE is also part of the SPS# PMAOMPACTION tables.

SPS# PMA_COMPACTION contains information on the compadaifaach AC lift in the
construction ofhe section. The variables BREAKDOWN_ROLLER_CODE,
INTERMED_ROLLER_CODE, and FINAL_ROLLER_CODE within this table can be related
to the ROLLER_CODE variable within the SPS# PMA_ROLLER table, which defines the
characteristics of each of the rollers used dudonstruction.

PROJECT_STATION_NO is found only in SPS_INTERSECTION and denotes the position of
any intersections or ramps in relation to the start of the first section of an SPS project. The units
are in feet. PROJECT_STATION_NO can be compared to tiisT8BEN_START and
SECTION_END fields from the SPS_PROJECT_STATIONS table to determine where the
intersections located with respect to each of the individual test sections within the project.

GENERAL SPS TABLES

Within the SPS module, series of tables exists whose names begin with SPS, with no reference
to the number of the experiment. The data stored in these tables are common to more than one
SPS experiment. However, these data are not always common to all SPS experiments.

SPS_ID:This table contains information on the location of SPS project sites in the 1, 2, 8, and 9
experiments that started with either new pavement construction or reconstruction. Location
information for SPS projects constructed on existing pavements is stohediid\_ID table.

This table contains data on roadway information, elevation, and other features of the test section
location.

This table used to contain the latitude and longitude coordinates of SPS project sites, but they
were removed from this tabées d data release 22.

SPS_GENERAL: This table contains information on road geometry and shoulder and drainage
features for new construction SPS test sections classified in the 1, 2, 8, and 9 experiments.

SPS_PROJECT_STATIONS:This table linkgest sections that are-tmcated on a project and
provides the order in which the test sections occur in the direction of traffic flow. Test sections
co-located at a SPS project site have the same PROJECT _ID. The first test section in the
direction of taffic flow is assigned an ORDER_NO of 1 and SECTION_START has a value of
zero. All other SECTION_END and SECTION_START values represent travel distances in
meters from the zero location. On SPS project sites where test sections with the same
PROJECT _ID haw test sections located in both directions of travel, two test sections will be
assigned an ORDER_NO of 1 and SECTION_START equal to zero; in this case the
DIRECTION_OF_TRAVEL field is needed to discern which side of the road the test sections
are located.

SPS_INTERSECTIONS: This table contains projetgvel intersectionnformation and data on
the location of ramps, signals, and stop signs within the project boundaries.
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SPS_CUT_FILL_LOCATIONS: This table contains the order and locatidhe cuts and fills
within each SPS section. Starting and ending points are recorded.

SPS_GPS_LINK:This table links the SPS maintenance projects and some SPS rehabilitation
projects to cdocated GBS test sections. SPS projects that are not included within this table do
not have cdocated GPS test sections.

LTPP Database Tip!

The SPS_GPS_LINK table can be used to link SPS projectsltzcated GPS test sections. TH
table links the SHRP_ID fielalentifyingthe projecievel SPS site to the LINKED_GPS_ID
field that matches the SHRP_ID field in the INV_ID taidlentifying the celocated GPS test
section. Inventory, climatic, and traffic data can be shared.

is

NUMBERED TABLES COMM ON TO MULTIPLE EXPER IM ENTS

The fourth character of the prefix of many table names in the SPS module is a number that is
intended to reference a specific experiment. The following tables are common to multiple
experiments and contain the same basic information; however, theywames that differ by
only the fourth character. I n the foll owing |
all numerical valued to 9. There are no SH® tables

SPS# LAYER: This table contains the pavement materiafedatructure used to reference data
stored in other tables whose names begin with a matching SPS#. This information is based on
observations made during construction. The layer thicknesses provided in these tables were often
obtained from plans and specdtions. These values should not be used in performance
analysesSPS3 and-4 maintenance experiment sections have no LAYER tables. Information on
the pavement structure layers for these sections céyubd in the INV_LAYER table entries

for the coelocated GPS sections.

SPS# LAYER THICKNESS: These tables have thickness values for each layer computed
from elevation measurements from each test sectioar@us offsets from the pavement edge.
SPS3 and-4 maintenance experiment sections have no LAYER_THICKNESS tables.

SPS# NOTES_AND_COMMENTS:This table contains miscellaneous comments and notes
concerning construction operations that may Heacan influence on the ultimate performance
of the test section or that may have caused undesirable performance differences among test
sections. SPS and-4 maintenance experiment sections have no NOTES_AND_COMMENTS
tables.

SPS# PMA_AC_PRMERTIES: This table containthe properties of the asphalt cement that
was used in the PMAound layers of the SPS section. These properties were typically obtained
from the asphalt supplier or from tests conductechbyState highway agency. SBS2, -8, and

-9 experiments have PMA#_ AC_PROPERTIES tables.

SPS# PMA_AGGREGATE_PROP:This table contains the properties of the aggregate that
was used in the PMAound layer®f the SPS section. These properties were typically obtained
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from the asphalt supplier or from tests conducted by the State highway agendy -&R&, and
-9 experiments have PMA_AC_PROPERTIES tables.

SPS# PMA COMPACTION: This table corgins compactiodata, including air temperatures,
roller information, and roller coverage for each lift of each RbAInd layer of the SPS section.
SPS1, -2,-5, -6, -8, and-9 experiments have PMA_COMPACTION tables.

SPS#PMA_CONSTRUCTION: This table contains construction data for PMéund layers
of the SPS section, including paving start and end dates and mixidgilaytemperatures. SPS
1,-2,-5,-6,-8, and-9 experiments have PMA_CONSTRUCTION tables.

SPS# PMA_MIXTURE_PROP: This table contains mixture properties for each RibbAInd
layer. SP&L, -2, and-8 experiments have PMA_MIXTURE_PROP tables.

SPS# PMA_PLACEMENT DATA: This table contains placement data for each AidAnd
layer, includingasphaktreated base (ATB), permeable asplwaated base (PATB), binder,
surface, and friction courses. SBS2, and-8 experiments have PMA_PLACEMENT tables.

SPS# PMA_ROLLER: This table contains data for each roller used on any of th&-Bddind
layers, roller weights, tire pressures, vibration frequency and amplitude, and roller speed. The
ROLLER_CODE field can be used to link the information within this table to that stored in
SPS# PMA_COMPACTION. SR§ -2, -5, -6, -8, and-9 experiments have PMA_ROLLER
tables.

SPS# SUBGRADE_PREPThiIs table contains subgrade preparatiata, including
information on compactigrstabilizing agents, and lift thicknesses (fill sections).-3R3,
and-8 experiments have SUBGRADE_PREP tables.

SPS# UNBOUND_AGG_BASEThis table contains placement information associated with
unbound aggregate bdsgers, including compactioequipment and lifthicknessesSPS1, -2,
-8, and-9 experiments have UNBOUND_AGG_BASE tables.

SPS# QC_MEASUREMENTS:This table contains all of the construction @@cedures and
the measurementsahwere taken during construction of S®S6, and-7 test sections.

SPS# OVERLAY: This table contains placement data for the AC overlays, including
equipment and plant information, surface preparation, and haul times for each AC layer. This
table applies to SRSand-6 rehabilitation experiments.

SPS# OVERLAY_LAYERS: This table contains information specific to each lift placed during
AC overlayapplications on SRS and-6 test sections.

SPS# LOAD TRANSFER: This table contains information on the restoration of {wvadsfer
capacity at joints in PCC pavements within SP&hd-9 test sections prior to the application of
an overlay
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SPS# PCC_CRA® _SEAL: This table contains data on crack seatipgrations that occurred
prior to the application of an overlay SPS6 and-9 test sections. Since there are no data stored
in the SPS7_PCC_CRACK_SEA&ble it is not included in the SDR.

SPS# PCC_FULL_DEPTH:This table contains data on falepth repair of PCC surfaces that
occurred prior to the application of an overtaySP$5, -7, and-9 test sections. Since there are
no data stored in the SPS8 PCC _FULL DEPTH tabie not included in the SDR.

SPS# PCC_JOINT_RESEAL:This table contains data on joint resealing operations that
occurred prior to the application of an overtaySP$6, -7, and-9 test sections.

SPS# PCC_PART_DEPTH:This table contains data on parttpth patchingf PCC
surfaces that occurred prior to the application of an overa$P$5, -7, and-9 test sections.

SPS# SUBRAINAGE: This table contains data on the process of retrofitting subgrade
drainagecapacity within SP$, -7, and-9 test sections prior to the application of a rehabilitative
overlay.

SPS# TRANSFER_EFFICIENCY: This table contains data on the leaansferefficiency of
transverse joints within SPBand-9 test sections following the loddansfer restoratioprocess,
but prior to the placement of anenay. Since there are no data stored in the
SPS7_TRANSFER_EFFICIENCMble it is not included in the SDR.

SPS# PCC_JOINT_DATA:This table contains construction data on joints within the test
section, including skew, dowel spacing, jdiotming and sawcutting, sealant, etc. SPsand-8
experiments have entries in this table.

SPS# PCC_MIXTURE_DATA: This table contains construction data for the mixture for each
PCC layer of the test section, including mix design, admixhfoceration, aggregate
composition and durability test results, and gradaBi#s2 and-8 experiments have entries in
this table.

SPS# PCC_PLACEMENT_DATA: This table contains construction data for each PCC layer
in the tessection, including concrete mix plant, paver, and spreader informagomell as

dowel placement, vibration, finishing, curirend texturing data. SPSand-8 experiments have
entries in this table.

SPS# PCC_PROFILE_DATA:This table contains information on the profiling and grinding
of PCC surface layers of SR3and-8 test sections.

SPS# PMA _DENSITY_PROFILE: This table contains PMAound layenuclear desity
measurementsnd profilograph datalrhe densities of ATB, binder, surface, and friction are
courses that are included. SP&nd-8 experiments have entries in this table.

SPS# MLLED_SECTIONS: This table contains data on millimgperations that occurred at
some SPS$ and-9 test sections in preparation for AC overlays. The table contains information
on the equipment, layer delamination, milled thidsraeasurements, and other observations of
the process.
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TABLES SPECIFIC TO | NDIVIDUAL EXPERIMENT S

The following tables are experimespecific. The fourth character of the prefix indicates the
number of the SPS experiment for whigata are included in that table.

SPS2_PCC_FULL_DEPTH:This tablecontains fuldepth repair data for SPS(study of
structural factors for rigid pavements) test sections, including information on patslaing
replacementloadtransferdevices, reinforcing steatoncrete properties, finishing and curing
methods.

SPS2_PCC_STEEL:This table contains information on the reinforcing steseld in each PCC
layer of the SP& test section.

SPS3_CHIP:This tablecontains chip sealggregate and sealant properties, placement data,
surface preparation, and other information for SR8st sections with chip seaakhintenance
treatments.

SPS3 CHIP_EQUIP:This table contains information on all equipment used in applying chip
sealmaintenance treatments to SB&st sections.

SPS3 CRACK:This table contains information on surface preparation, emviental
conditions, sealant properties, equipment used, and application processes3aeSPs®ctions
with crack sealing maintenance treatments.

SPS3 ROLLER: This table contains information on the roller equipment used in chip seal
applications to SPS test sections.

SPS3_SLURRY:This table contains asphalt and aggregate properties, application rates, surface
preparation, environmental conditions, etc., for SR8st sections with slurry seahintenance
treatmeng.

SPS3 SLURRY_EQUIP:This tablecontains information on all equipment used in slurry seal
applications to SRS sections.

SPS4 BENKELMAN_GENERAL: This tabe contains general information on Benkelman
beamdeflection tests conducted on SB$est sections. Included are start and end times, dates,
environmental conditionsleflection measurements, and other related data

SPS4 BENKELMAN_ MEASURE: This table contains the results of Benkelrbaam
deflection tests conducted on SR&est sections, including the station and joint number where
each test was conducted and the corresponding deflection measurements.

SPS4 CONTROL_GENERAL: Each SPS maintenance test project idetlia control section
onwhich no maintenance was to be performed unless required as a safety measure. This table
contains general information on the characteristics of the control section for eadhp8i&ct.

SPS4 _CONTROL_LONG: This tablecontains the width of the longitudinal joint opening for
each SP& control section.
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SPS4 _CONTROL_RANDOM: This table contains the widths of the surface cracks for each
SPS4 control section.

SPS4 CONTROL_SHOULDER:This table contains the width of the shamr joint for each
SPS4 control section

SPS4 CONTROL_TRANS:This table contains the widths of the transverse joints for each
SPS4 control section.

SPS4 CRACK_SEAL_GENERAL: This table contains information on joint and crack sealing
operations at SR& test sections.

SPS4 CRACK_SEAL_PVMT: This table contains information on sealant properties,
temperatures, application techniques, backer rod, removal of old sealdcieaning associated
with the sealing of transvers@d longitudinal joints within SP& test sections.

SPS4 _CRACK_SEAL_PVMT_MEAS: This table contains joint sealeasurements, including
backer rod depths, for all sealing work on transverse and longitudinal joints withié 8BS
sectiors.

SPS4 CRACK_SEAL_RAND:This table contains information on sealant properties,
temperaturesapplication techniques, backer rod, removal of old seadantleaning associated
with the sealing of cracks within SRPSest sections.

SPS4 CRAM _SEAL_RAND_MEAS: This table contains crack sealing measurements,
including backer rod depths, for all sealing work on cracks within&iSt sections.

SPS4 _CRACK_SEAL_SH:This table contains information on sealant properties, temperatures,
application échniques, backer rod, removal of old sealamtlcleaning associated with the
sealing of longitudinal joints at the shoulders of SPBst sections.

SPS4 CRACK_SEAL_SH_MEAS:This table contains joint sealeasurements, including
backe rod depths, for all sealing work on longitudinal shoulder joints of&RSt sections.

SPS4 DYNAFLECT_GENERAL: This table contains general information on Dynaflect
deflection testing that was conducted on SR8st sedbns.

SPS4 DYNAFLECT_MEASURE: This table contains the point locations (stationing) and
Dynaflectsensor deflections recorded at each joint or crack within thed3#esgtion that was
tested.

SPS4_FWD_MEASUREMENTS:This table ontains general information on FWD deflection
testing that was conducted on SP&st sections. The table name is misleading since the actual
test results are stored offline.

SPS4 UNDERSEAL_GENERAL:This table contains general underseatiatg, including
information on the cement, fly ash, water souarglhole installation and volume.
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SPS4 _UNDERSEAL_INIT_GROUT: This table contains information on the initial grouting
application process.

SPS4 UNDERSEAL_PRES_ GROUTThistable contains information on the pressure
grouting application process.

SPS4 UNDERSEAL_REGROUT:This table contains information on the regrouting
application process.

SPS5_AC_PATCHES:This table contains AC patchimgta collected at tesections in the

SPS5 experiment. This information is on patching that occurred in preparation for the applied
AC overlayand was typically collected by the State highway agency or a representative of the
regional support agractor.

SPS6_CRACK_SEAT_PCC:This table contains PCC craekdseat data collected st
sections in the SR6 experiment (rehabilitation of PCC pavements). This information is on
crackandseat operations that occurred in preparatiom¥arlays on PCC pavements and was
typically collected by the State highway agency or a representative of the regional support
contractor.

SPS5 RUT_LEVEL_UP:This table contains data on applications of leveling treatments to
correct severe rutting on SPSest sections prior to the application of a PlaMerlay.

SPS6_SAW_AND_SEAL:This table contains data on joint sawing and seapegations that
occurred prior to thapplication of an overlagn SPS$6 test sections.

SPS6_UNDERSEALING:This table contains general underseatiagp for work done on
SPS6 test sections prior to the application of a rehabilitative overlay

SPS7_DELAMINATION: This table contains general information on the removal/cleaning of
the PCC surfaces of SPSest sections in preparation for PCC overlay

SPS7_MILLING: This table contains data on millimgerations that occurred at some SPS
test sections in preparation for PCC overlay

SPS7_PCCO_JOINT_DATA:This table contains construction data on joints inRG€
overlayof SPS7 test sections, including skew, letrdnsfermethod, joint forming and saw
cutting, sealant, etc.

SPS7_PCC_OVERLAY:This table contains information on the placement operations of PCC
overlayson SPSY test sections, including air temperatures, cyrgagving, grouting, and
texturing.

SPS7_REFLECTIVE_CRACK: This table contains the methods used for controlling reflective
cracking on SPS test sections after a PCC overlay

SPS7 _REMOVAL_CLEANING: This table contains the methods and dates for surface
removal/cleaning of the PCC surfaces of SR8st sections prior to a PCC overlay
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SPS9 PMA DENSITY: This table, which is unique to SPRest sections, contains PMA layer
density data used for construction cohtro

SPS9 PMA MIX_DES_ PROP: This table contains the design mixture propefoesMA
layers of SPD test sections.

SPS9 PMA_MIXTURE_PROP: This table contains the mixtupgoperties (determined from
laboratory testing) for PMA layers of SBSest sections.

SPS9 PMA_PLACEMENT_INFO: This table contains the section wide properties of the
asphalt laydown process for each SPSroject, including surfagereparation, asphalt plant
information, equipment information, and haul time and distances for each lift.

SPS9 PMA_PLACEMENT_LAYER: This table containthe sectionwide propertie®f the
asphalt laydown pocess for SPS sections, including lift thicknesse¢ack coat information,
and transverse joint locations.

SPS9 PMA_PROFILE: This table contains profilograph measurement results for the AC
overlaylayer ofeach SP9 test section. This information was used for construction control.

SPS9 SP_PMA_AC_PROPERTIESThis table, which is unique to SFESest sections,
contains PMAbound layer SuperPave asphalt cement properties

SP® SP_PMA_AGGREGATE_PROP:This table, which is unique to SFPSest sections,
contains PMAbound layer SuperPave aggregate properties.

SPS9 SP_PMA_MIXTURE_PROP:This table, which is unique to SFPP&est sections,
contains PMAbound layer SuperPave mixtureperties.

SPS9 SUBGRADE_PREPThis table contains subgrade preparatata collected on
construction data sheets, including information on compaatonstabilization.

SPS10 CONSTRUCTION DATA

In the July2016 public data release, data from test sections included HiGEBfperimenivere
contained in the tables described in this portion of the document. Unlike data from p&R#®us
experiments, data from the SR8 sectionsvere consolidated into a common set of construction
tables that do not contain a module identifier in the table name. Data contained in Inventory and
SPS construction tables for previous SPS experiments have been @atadohtb the fdbwing

tables.

PROJECT _ID: This table contains general project and layout informattas similar to the
information contained in th8PS_ID table.

PROJECT_STATIONS: This table can be used as a link between test sections that are co
located on a proje@nd provides the order in which the test sections occur in the direction of
traffic flow. The first test section in the direction of traffic flow is assigned an ORDER_NO of 1
and SECTION_START has a value of zero. All other SECTION_END and SECTION_START
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values represent travel distances in meters from the zero loCEstrsections ctocated at a
SPS project site have the same PROJECT _ID.

PROJECT_INTERSECTIONS: This table contains projetgvel intersectionnformation and
data onhe location of ramps, signals, and stop signs within the project boundaries. It is similar
to the SPS_PROJECT_INTERSECTIONS table.

SECTION_GENERAL : This table contains information on road geometry, lane width, speed
limit, and mediarproperties for each $ésection.

SECTION_DRAINAGE : This table includes information specific to drainage features of each
test section.

SECTION_SHOULDER: This table contains information related to shoulder details on each
test section.

SECTION_CONST_LAYER: This table containsada elements relating to the original
constructed pavement structure.

PROJECT_HIST_AGE: This table containsignificant event dates for activities that occurred
prior to the project being accepted into the LTPP program for current construction and
monitoring purposes. It is similar to the INV_AGE table.

PROJECT_MAJOR_IMP : This table is similar to the INV_MAJOR_IMP table in that it
contains information on construction, rehabilitation, maintenaarwt preservation events from
agency records that occurredqorio the project being accepted into the LTPP program for
current construction and monitoring purposes.

DEICING_FREQUENCY : Thistable is similar to INV_DEICE_SITE_DATA in that it
contains information othe frequency of snow removal and deicing chemipplieations.

DEICING_TYPES: This table contains information on the types of deicing chemical used on a
test section. It is similar tine INV_DEICE_TABLE.

SECTION_HPMS: This is a new table that is desagito capturgpavementelated data
elements specifeééin the HPMS data input guidelines.

AC_AGGR_COMP: This tablecontains information on the types and composition of
aggegates contained in AC layers.

AC_AGGR_DUR: This tablecontains information on aggregate durabilltyis similar to the
INV_AGGR_DURtable.

AC_AGGR_PROP: This table includes physical properties of materials used as aggregate in

AC mixtures. It includes properties such as belfective,andmaximumspecific gravities,
mineral fillers, recycled asphalt shingles, and absorption values.
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AC_AGGR_SP_PROR This tablecontains AC aggregate properties derived from SuperPave
research and development activities. This table is similar B ACO_SP_AGGR_PROP
table.

AC_AGGR_GRADATION : This table contains aggregate gradation information on a weigh
basis passing specified sieves, classified by test section, layer number, and aggregate type.

AC_BINDER: This table contains general classification properties of AC binders including PG,
penetrationyiscosity, ductility, and other measures of asphattier® used during the last 30
years.

AC_MODIFIER : This table is a copy of the INV_MODIFER table that contains data on the
types and amounts of asphalt cement modifiers.

AC_AGED_BINDER: This table contains properties of the binder used in AC mixtures after
aging.

AC_DSR: This table contains Dynamic Shear Rheometer, Bending Beam Rheometer, and Direct
Tension tests for binders used in AC mixtures.

AC_AGGR_RECYCLED: This table contains type and storage information for recycled
aggregates used in AC mixtures.

AC_LAB_MIX : This table contains laboratory mix design for AC mixtures

AC_LAB_MIX_RECYCLE : This table contains laboratory mix design properties specific to
recycled AC mixtures

AC_LAB_MIX_WARM : This table contains laboratory mix design properties specifiatm
mix AC mixtures

AC_MIXTURE : This table contains AC mixture properties as placed.
AC_ANTISTRIPPING : This table contains AC antistripping agent information.
AC_SP_MIXTURE: This table contains AC Superpave mixture properties as placed.
AC_PLACEMENT : This table contains placement information for AC layers.

AC_CONSTRUCTION_TEMPS: This table contains construction temperature data for AC
layers

AC_COMPACTION : This table contains compaction data for AC layers
AC_ROLLER : This table contains compaction equignt data for AC layers

UNBOUND_STABIL : This table contains unbound layer stabilizing agent data
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UNBOUND_LAYER_PROP: This table contains unbound or stabilized base or subbase layer
properties.

UNBOUND_GRADATION : This table contains unbound or stabilizee or subbase layer
gradation information.

SUBGRADE_LAYER_PROP: This table contains subgrade layer properties.

AC_DENSITY_MEAS: This table contains AC layer density data used for construction quality
control.

AC_PROFILE_MEAS: This table contains AC lay@rofile data used for construction quality
control.

SECTION_FIELD_THICK_MEAS : This table contains field layer thickness measurements
from time of construction at different stations

SECTION_CONSTRUCTION_NOTES: This table contains section notes and commaent
AC_MILLING : This table contains information on AC milling operations.

CONSTRUCTION_EVENTS: This table contains improvement informaiomaintenance
and rehabilitation events.
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CHAPTER 12. TRAFFIC MODULE

In the development of the LTPP program, provision of trafiomitoring data was assigned to
participating highway agencies. The requested LTPP traffic data was based on a balance between
pavement research program needs, constraints of existing traffic monitoring technology, and
limited highway agency resources. Tiheffic data collection plan recognized the following

major principles:

1 Traffic loading estimates should be the result of onsite measurements wherever possible.

91 Data from all LTPP locations should be treated consistently in collection, submission,
reviewand aggregation, without modification t

M Data included in the dat abase .® holud dt drorh | o
Aftruth in datao has been defined to includ

o0 Practices and condbins under which the data have been collected must be reported.

o Editing of traffic data must be documented and a record of the original (unedited)
data must be retained.

o Data variance estimates should be reported when possible.

Due to the diversity of trlit data collection efforts by participating highway agencies, there is a
wide range in accuracy and variability associated with traffic data estimates that is impossible to
guantify. At thistime, it is not possible to provide reliable data variance eggésmfrom the

annual projections based on the raw monitoring data.

The LTPP PPDB contains annual estimates of traffic load characteristics in the LTPP test section
lane created by the LTPP Traffic Analysis Software (LTAS). LTAS is gppoeessing program

that is used to perform quality control checks and compute the annual statistics stored in the
PPDB. The LTAS]atabasevas first released in SDR 24, January 2010. This data was released
for those iterested in other traffic engineering uses of the LTPP traffic data. The LTAS database
contains daily and monthly traffic data used in the computation of annual traffic estimates stored
in the PPDB, traffic monitoring equipment locations, data errorspgepsed traffic

measurements from the @ PP lane, and other information used in the traffic data review and
analysis procedure. Chapter 16 of this document contains descriptions of the LTAS database
structure and tables included in the SDR.

To serve theneeds of data users still interested inAA&SHO-equivalent single axle pavement
loading concept, a computer program called ESAL@als createdTlhis software compuge
annual (equivalent singlaxle load) ESAL estimates fromaffic monitoring data and pavement
structure data following the most recent guidelife@snclusion in the PPDB

Traffic data formatted for use with the Mechanidfimpirical Guide for the Design of New and
Rehabilitated Pavement Structures (MEPI&Yeloped under NCHRP projecBTA was first
released in January 2008. The January 2008 MEPDG traffic data in the LTPP PPDB was
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contained in a module named MEPDG. For the January 2009 data release, these tables were
renamed and moved to the TRBale.

IMPORTANT FIELDS

Common fields unique to the TRF tables that can be used to link related data in associated tables
to each other include VEHICLE_CLASS, AXLE_GROUP, CLASS_COUNT_BEGIN_DATE,
and WIM_AVC_CALIB_DATE.

VEHICLE_CLASS refers to the 1din vehicle classificatiorsystem Table4) described in the
FHWA Traffic Monitoring GuidgTMG) (Federal Highway Admnistration 2016, (Note that
although the classification system is names¢bitBfor historical reasons, it has 15 categories.)
This field can be used to link the number of vehicles weighed within each class (from the
TRF_HIST_WEIGHT_DATA table) to theistribution of axle group weights for these classes
(from the TRF_HIST_WEIGHT_AXLES table). This field is also used within
TRF_HIST_CLASS_DATA to indicate the number of vehicles within each category that were
counted during classification surveys. The amVEHICLE_CLASS field within
TRF_MONITOR_AXLE_DISTRIB can be used to link data to the TRF_HIST tables, but only
for the truck categories (classes 4 throaghsince motorcycles, automobiles, and light trucks
are not generally present in wetghimotion (WIM) monitoring data and not summarized for
loading estimates by the LTPP traffic data processing software.

Table 4. TMG 13-bin vehicle classificationsystem.

Vehicle Class Description

1 Motorcycles

2 Passenger cars

3 Other 2axle, 4tire singleunit vehicles
4 Buses

5 2-axle, 6tire singleunit trucks

6 3-axle singleunit trucks

7 4-or more axle singlainit trucks

8 4-or lessaxle singletrailer trucks

9 5-axle singletrailer trucks

10 6-or more axle singhrailer trucks

11 5-or less axle mulitrailer trucks

12 6-axle multitrailer trucks

13 7-or more axle multtrailer trucks

14 Unclassifiable

15 Partial vehicles, iHading off scale or lanehanging vehicles

AXLE_GROUP is a variable that defines the type of axle or axle group (single, tandem, triple,
or quadplus). The variable is used within the TRF_HIST_WEIGHT_AXLES and
TRF_MONITOR_AXLE_DISTRIB tables. Note thategtring axle groups are not recorded
separately from other single axles in this table. Steering axle distributions are avaikiibke off
for some siteyears.
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CLASS_COUNT_BEGIN_DATE may be used to relate information on a specific historical
traffic classifcation count that is stored within the TRF_HIST_CLASS_MASTER table with the
actual count data that is stored in TRF_HIST_CLASSUNT table

WIM_AVC_CALIB_DATE must be used when relating the specific calibration information
found within TRF_CALIBRATION_AVCand TRF_CALIBRATION_WIM to the list of
installed traffic monitoring equipment found within TRF_EQUIPMENT_MASTER.

TRF TABLES

All traffic volume, classificationand load data contained in the traffic (TRF) module consists of

annual estimates based agencysupplied estimates or computed from reported raw traffic

volume, classificatiorand load data. This information is specific to the test section lane. Traffic
volume and loading estimates for time periods prior to the start of LTWPneat monitoring

(which began in 1990) are | abeled as AHIi stor.i
by participating highway agencies or computed
agency after 1990 ar e | a fdable rpathesanghe MRARonodulé or i ng o
reflect the source of the data stored within them; HIST, MON, or MONITOR are used in table

names containing traffic estimates.

On SPS sites, the estimates are provided uspngjectlevel SHRP_ID for some monitored
tables.In most cases it is a good assumption thaptbgectlevel traffic applies to all test
sections on the project. For sites that have sections located in both directions of tragel, this
likely not the case. These sites can be identified by using SRRIEI _STATIONS.

TRF_BASIC_INFO: This table contains basic information about the location of the section and
the roadway on which it is located.

TRF_CALIBRATION_AVC: This table contains information on the calibration of automated
vehicle classificatiofAVC) equipment

TRF_CALIBRATION_WIM: This table contains information on the calibratioWdi
equipnent installedor a test section.

TRF_EQUIPMENT_MASTER: This table contains information about equipment (both AVC
and WIM) in place during a calibration event.

TRF_HIST_CLASS DATA: This table contains the results of vehicle classificatimmts that
were taken by the State/Provincial agency prior to the start of LTPP tradfitoring and were
used to estimate vehicle distributions at the sites&lm®unts were not necessarily taken at the
site itself.

TRF_HIST_CLASS MASTER: This table contains the specifics of the classification counts
that furnished data for TRF_HIST _CLASS DATA. The CLASS MASTER table also contains
the total volumes recorded duogi each count.
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TRF_HIST_EST_ESAL: This table contains estimates ofi88 (18-kip) ESALs at the section
for each year from construction (or 1965, whichever is later) to its inclusion in the LTPP
program (0r1989 whichever is earlier).

TRF_HIST_VOLUME_COUNT: This table contains the results of vehicle volume cotinatis

were taken by the State/Provincial agency prior to the start of LTPP tradffitoring and were

used to estimate traffic volumes at the site. These counts were not necessarily taken at the site
itself.

TRF_HIST_WEIGHT_MASTER: This table contains all general information on the roadway
and the equipment used for toiscal truck weighing sessions.

TRF_MONITOR_AXLE_DISTRIB: This table contains the number of axles measured in each
weight rangdor each axle group (single, tandem, triple, anddgqplus). This information is

obtained fromNVIM equipment installed at or near the test section. Note that steering axle weight
distributions are not recorded separately from other single iaxibs table. The
WEIGHT_BIN_SIZE field contains the size of the weight bins used to describe the weight
distribution by axle typeThis distribution is for the LTPP lane only.

TRF_MONITOR_LTPP_LN: This table contains information on the amount of datkecigd
on a vehicle class basis and the estimated annual volumes of trucks and axles associated with that
data for the LTPP lane only.

TRF_MON_EST_ESAL: This table contains an annual estimdtéhe number of 8&N (18

kip) ESALSs in the study lane and estimates of truck and total vehicle volumes durpegitice
pavement monitoring measurements were performed. The data within this table are for the period
from 1990 (or open to traffic, whichevis later) until the test section was instrumented with
monitoring equipment or for any year in which the traffic monitor equipment was not

operational. The estimates are supplied by participating highway agencies.

TRF_MEPDG TABLES

This series of tablesatain traffic data developed for use in the MEPDG traffic mqdutech

are computedrom data stored in the LTPP traffic databds®have been processed using the
traffic QC/QA system. Data that have pad the level D and E QC checks were used in the
computations. This process restricts the traffic estimates to the LTPP study lane only and
excludes directional and lane distribution factors. The computations were also limited to years in
which a site haddequate traffic monitoring data to justify the computation.

Some uses, interpretations, limitations, and required extrapolations of these computed parameters
for use in evaluation of the MEPDG include:

1 In most instances the LTPP study lane is the pavestertural design lane.
1 Users of this data can compaearspecific estimates of traffic loadings basedsae

specific monitoring data in the design lane versus planning design values based on
information available to the pavement designer prior tettaoation of the facility.
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1 All traffic data is aggregated to annual estimates as a base line; monthly variations are
extrapolated to equal annual totals.

1 Due to limited traffic monitoring coverage, data usdrsuldextrapolate this information
to other yars for which traffic monitoring data is not available to develop cumulative
traffic loading estimates.

1 The LTPP database does not include MEPDG traffic classification groups. These traffic
classification groups were developed by the NCHRP MEPDG contiad&pendent of
LTPP data.

Other traffic monitoring data are contained within BfeDB and LTAS tablethat can be used to
develop directional and lane distribution factors, as was used in the development of the factors in
the MEPDG. These data are avaiafor sites where all lanes were instrumented with a traffic
measurement device. Please contact the LTPP customer service centesibgte

ltppinfo@dot.govto discuss acquisition of otharonitored trafficdata.

The MEPDG traffic tables contain many of the same important fields as previously discussed in
this chapter.

TRF_MEPDG_AADTT_LTPP_LN: This table contains estimatekthe annual average daily
truck traffic (AADTT) in the LTPP tessection lane computed by three alternate computation
methods based on a combination of classificaiodweight data, only classification, or only
weight data.

1 Records with a value of 0 in the TRF_DATA_TYPE field contain estimates of AADT
volume in the LPP test lane for sites for years where 210 or more days of combined
classification and WIM data exists for at least one truck class.

1 Records with a value of 4 in the TRF_DATA_TYPE field contain estimates of AADT
volume in the LTPP test lane for sites feays where 210 or more days of classification
data exists for at least otreick class.

1 Records with a value of 7 in the TRF_DATA_TYPE field contain estimates of AADT
volume in the LTPP test lane for sites for years where 210 or more days of weight data
exists for at least oneuck class.

These estimates are based on the traffic data computation guidelines contained in the current
MEPDG documentation.

TRF_MEPDG_AX_DIST: This table contains normalized axistributions by month, truck
class and axle group. Records in this table are generated from the MM_AX table in the LTPP
traffic databas@andcontain at least 210 days of WIM data in that calendar year. The monthly
distribution bin counts are based day-of-the-week averages. The 4,608weight bins for

qguad axles in the LTPP traffic database are reduced to the MEPDGII3@8@ht bins using an
assumption that the 4,000 bins have a uniform distribution between adjacent bins.
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This table utilizes a databe efficient table storage structure where a data set is stored as
multiple records. To extract a complete year datsaseser should use SQL to extract multiple
records with different values for MONTH, VEHICLE_CLASS, AXLE_GROUP, and
WEIGHT_BIN_LOW foreach site defined by STATE_CODE, SHRP_ID, and YEAR.

TRF_MEPDG_AX_DIST_ANL: This table contains the annuairmalized axle distribution by
class and axle group. Records in this table are generated from thdrhffleRlatabase from the
TRF_MONITOR_AXLE_DISTRIB table where matching records in the
TRF_MONITOR_LTPP_LN have a RECORD_STATUS equal to D or E.

This table was created to determine the stability of the axle distribution over time. The values
stored in thefRF_MEPDG_AX DIST_ANL_ VAR table can be used to determine the
significance of annual variations.

This table utilizes a database efficient table storage structure where a data set is stored in
multiple records. To extract a complete year dateaseser sbuld use SQL to extract multiple
records with different values for VEHICLE_CLASS, AXLE_GROUP, and
WEIGHT_BIN_LOW for each site defined by STATE_CODE, SHRP_ID, and YEAR.

TRF_MEPDG_AX_DIST_ANL_VAR: This table contains the mean and variance of the
elements othe normalized axle distributions by vehicle class and axle type for all years of
availablesite-specificmonitoring dataAt least two years with more than 210 days of WIM data
must exist for the table to be populated for a site.

The number of years thariances are computed over is indicated in the NUM_YEARS field.

This table utilizes a database efficient table storage structure where a data set is stored in
multiple records. To extract a complete dataaetser should use SQL to extract multiple
recads with different values for VEHICLE _CLASS, AXLE_GROUP, and
WEIGHT_BIN_LOW for each site defined by STATE_CODE and SHRP_ID.

TRF_MEPDG_AX_ PER_TRUCK: This table containthe annual average number of number
of axles by vehicle class and axle type by year. This is computed from the axles actually weighed
as summed in the TRF_MONITOR_LTPP_LN table.

Records with average numbef axles per truck less than 0.1 or greater theave a
RECORD_STATUS=C. Users must reliEPDG documentation in order to properly interpret
fractional averages contained in this table.

This table utilizes a database efficient table storage structure where a data set is stored in
multiple records. To extract a complete dataaetser shouldse SQL to extract multiple

records with different values for VEHICLE_CLASS and AXLE_GROUP, for each site defined
by STATE_CODE, SHRP_IPand YEAR.

TRF_MEPDG_HOURLY_DIST: This table containannual agerage hourly distribution of
trucks by hour in the LTPP lane based on classification data. The computations were performed
following the algorithm contained in tMEPDG. This table contains datar siteswith at least
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210 days of classification dataacalendar yeathat were validated or calibrated under LTPP
contract

TRF_MEPDG_MONTH_ADJ FACTR: This table containadjustment factors for ADTT

for each truck class by month based on either classificat weight monitoring datas

indicated by the code contained in the TRF_DATA_TYPE field. A value of 4 in the
TRF_DATA_TYPE field indicates the estimate was based on only classification data and a value
of 7 only weight data.

This table utilizes a davase efficient table storage structure where a data set is stored in
multiple records. To extract a complete dataaetser should use SQL to extract multiple
records with different values for MONTH and VEHICLE_CLASS for each site defined by
STATE_CODE,SHRP_ID, YEAR and TRF_DATA_TYPE.

TRF_MEPDG_VEH_CLASS_DIST: This table contains thgercentage of trucks by vehicle

class within the truck population (FHWA Classe$3) in the LTPP lane based classificaton,
weight, or a combination of on classification and weight data as indicated by the code contained
in the TRF_DATA_TYPE field. For some sections, up to three different estimates are provided.
Estimates are provided by year.

This table utilizes a databasticient table storage structure where a data set is stored in
multiple records. To extract a complete dataaetser should use SQL to extract multiple
records with different values for VEHICLE_CLASS for each site defined by STATE_CODE,
SHRP_ID, YEARand TRF_DATA TYPE.

WIM_SITE_INVENTORY : This table describes site location, geomednd installed
equipment, both typeandlocationrelative to the test sections to which the traffic data applies
for WIM sites validated by FHWA contractors.

WIM_SITE_PHO TOS: This tables identifies all the photographs of the site showing sensors,
location and electronics for WIM sites validated by FHWA contractors. The photos are not
included in the PPDB. They are available through validation reports in the InfoPawe libra

TRF_ESAL TABLES

The TRF_ESALseries of tables contain annual 18 Kip (80 kN) ESAL estimates and computation
parameters for the LTPP lane based on traffic monitoring measurements commgetiausi

1993 AASHTO Guide for Design of Pavement Structures methodology. The data were first
added to SDR 25, January 2011, as a series of database tables contained directly in the PPDB.
Previously these tables atite computation program were containedtba Reference Library as

part of the ESALCalc utility software that was distributed with the SDR. The purpose of adding
these tables directly into the PPDB is to make these computed parameters easier to find.

TRF_ESAL_COMPUTED: The results of the annual BE calculations in the LTPP lane are
contained in this table. These ESAL estimates are provided only for sites which have an
acceptable sample of axle load measurements contained in the LTPP database in the indicated
year. The axle load sample is expantiedn annual estimate usingime-basednultiplier. The
estimates are contained in the KESAL_YEAR field with units of KESAL/year or 1,000
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ESALl/year.Thus,a value of 1 in this field should be interpreted as 1,000 ESAL/year in the
LTPP study lane.

TRF_ESAL_AC_THICK: This table contains the values used to compute the structural number
(SN) for AC-surfaced test sections. It includes the thickness, type of layer, layer coefficient,
average resilient modulus, and drainage layer coefficient for base and dalybaseThis table

also includes a start date and end date for which these values apply.

TRF_ESAL PCC_COMP_THICK: This table contains the values used to compute the value
of the effective thickness of the PCC layers used in the ESAL calculation. Thenthibtkes
information on the thickness of multiple PCC layers and whether or not they are bonded.

TRF_ESAL_INPUTS_SUMMARY: This is the master table which contains a summary of the
input data used in the annual ESAL estimate. Contents of this table include:

1 The pavement type and its source.
SN and its source used for AC pavements.
Effective thickness and its source used for PCC pavements.

Terminal service index value and the basis for this value.

= =2 =4 =4

Functional classification of the facility which was used talglgth the terminal
serviceability index.

1 Climate characterizationmcluding average annual precipitation and freeze index, LTPP
experimental climate regioand the source for this classification.

1 The start and end dates, related to the constructioberitmat these properties apply.
OTHER TRAFFIC COMPUTED PA RAMETERS

The July 2017 public data release included for thetfire# computed parameters and supporting
information fornormalizedaxle load spectra (NALS) and the Relative Pavement Performance
Impact Factor (RPPIF).

NALS are percentile distributions of axtigpe count by load rangéSelezneva and Hallenbeck
2013)Individual NALS are computed for each axpe by truck class. The axle types included
in the NALS computed parameter tables include single, tandem, trashehguad. These are
computed for the vehicle classes 4 through 13 from the FHWA vehicle classification scheme.
NALS are the basic traffic lo&th input for pavement design based on the MEPDG and
AASHTOWare PavemeriVIE Design softwareThe computations contained in the NALS tables
are not limited to the restrictions placed on similar computatontained in the TRF_MEPDG
tables.
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The RPPIAs a summary statistfor comparison and grouping of similar NAL S his statistic
converts NALS into a single value, considering both the frequency of load applications and the
relaive effect load magnitude on pavement performambe.intent of the RPPIF is &dlow for
simple summary comparisons of the damaging potential of different NALS. It is not intended as
a direct input into pavement performance analysis models. The RRRfutation is based on a

Wi weighting damage factor wherreepresentsiloadbin range angirepresents the axle group
type. Because théfj factors which are inputs into the computatidrmssed on LTPP research

were developed based on the outcome framyrdistress models, these factors represent a
generalpotentialpavementlamage factothat is not based on pavement structliree RPPIF
parameter is computed by multiplying thé factor by the corresponding normalized axle load
spectra bin, and themisiming the products for eaelxle group and truck class.

Thedatabase computation process required foctbationof the NALScomputed parameters
resulted in a series of VEHICLE_CLASS intermediate computations that are released to the
public in the fornof database tableShese tables contain the related vehicle classification
summary statics required for the NALS computatidiee tables include estimates of the

average number of axles by axle group and vehicle class for both monthly and annuasinterval
Other computations result in the average number of trucks by vehicle class by month or year to
use in creating estimates of the relative impact of truck populations (greater or lesser) on
pavement performance. In comparison to similar tables in the MIEPDG set
(TRF_MEPDG_AX_PER_TRUCK and TRF_MEPDG_AADT_LTPP_L Mjese values are
countbasedwithout expansion to address missing daysl are generated for all available

weight data information in the PPDBot just the LTPP lane.

NALS Tables

NALS_MONTHLY_DISTRIB: This table contains thmonthlynormalized axléoad spectra
(NALS) for each axle type by truck class for each lane and diredtrendistribution is derived
from the information in MM_AX thatd used to create the annual estimated distribution in
TRF_MONITOR_AXLE_DISTRIB. TheNALS for any given combination of STATE_CODE,
SHRP_ID, YEAR, MONTH, LANE_TRF, DIR_TRF, VEHICLE_CLASS&nd AXLE_GROUP
is adjusted to sum to 100. Rounding in the computatidhe individual axle bin values may
result in sums that are slightly different from this value.

This table utilizes a database efficient table storage structure where a data set is stored in
multiple records. To extract a complete dataaetser shouldse SQL to extract multiple
records for each site defined by STATE_CODE, SHRP_ID, YEAR, MONTH, LANE_TRF,
DIR_TRF,VEHICLE_CLASS, and AXLE_GROUP.

NALS_ANNUAL_DISTRIB: This table contains the anniALS for each axle type by truck
class for each lane andettion. The distribution is the average of the available monthly NALS

4 Seleznava, O.H, M. Ayres, H. Haihbeck, A. Ramachandran, H. Shirazi, and H. Von QuiM&ERDG Traffic
Loading Defaults Derived from Traffic Pooled Fund SteifWA-HRT-13-090, Federal Highway Administration,
April 2016. https://www.fhwa.dot.gov/publications/research/infrastructure/pavements/Itpp/13090/13Q9&spdf
accessed April 2017.
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adjusted so that the sum of the distribution is Fafunding in the computation of the
adjustment may result in a sum that is slightly different from 100.

This table utilizes a databa efficient table storage structure where a data set is stored in
multiple records. To extract a complete dataaetser should use SQL to extract multiple
records for each site defined by STATE_CODE, SHRP_ID, YEAR, LANE_TRF, DIR_TRF,
VEHICLE_CLASS, andAXLE_GROUP.

NALS MONTHLY_EVAL: This table contains the results of applying a set of QC checks to
the tails of Class 9 single and tandsmanthly NALS The checks are looking ftargerthan
expected percentages of light or heavy axles. The thresholdasa@ &n work done in
development of the PLUG software and review of other calibrated viigiotion sites in

L T P P 6 s. TReRHhDeBholdare shown imable5. The checks are done in the order of light
single axles, heavy singlelas, light tandem axleand heavy tandem axlesith the first check
failed identified in the tablen NALS_EVAL.

Table 5. Tail conditions for rational axle distributions (Class 9s).

Axle Group Maximum Al!owable Maximum Allowable
Percentage Light Ales Percentage Heavy Axles
Single 10 percent 4,999 Ib or lighter | 10 percent 21,000 Ib or heavie
Tandem (US) 10 percent 7,999 Ib or lighter | 20 percent 34,000 Ib or heavig
Tandem (Canada)| 10 percent 7,999 Ib or lighter | 20 percent 3800 Ib or heavier

NALS_ ANNUAL_EVAL: This table contains the results of applying a set of QC checks to the
tails of Class 9 single and tandem annual NALS. The checks are lookiaggexthanexpected
percentages of light or heavy axles. The threshaldscheck sequence are the same as for
NALS_MONTHLY_EVAL. The first check failed is identified in the table in

NALS_ EVAL_ANL.

RPPIF Tables

The RPPIRables allow comparison of loading distrilmins between months, years, lanas
sites at the level of axle group by vehicle class or truck population. The comparison indicates
which distribution has a greater impact on pavement performance.

The key fields in each computed value table include S AJODE, SHRP_ID, YEAR,
LANE_TRF, and DIR_TRF at a minimum.

RPPIF_WIJ_FACTOR: This table contains the y¥actors for each axle bin by axle group. The
key fields in this table are AXLE_GROUP and WEIGHT_BIN_LOW, the weight of the lightest
axle included in th bin.

RPPIF_NALS _MONTHLY: This table stores the RPPIF value for a specific axle group and
vehicle class by year, month, laa@d direction. This is the fundamental table from which all

106



other RPPIF_MONTHLY tables are derivéithe value of RPPIF is compuateising the W
factors and NALS MONTHLY_DISTRIB and summed across all axle bins.

RPPIF_VEHICLE_CLASS MONTHLY: This table stores the RPPIF value associated with
an individual vehicle class by year, month, lzared direction. This value allows comparisdn o
vehicles of the same class by lane, direction, manmthkite as having more or less impact on
pavement performance as the same vehicle class at another location. The
VEHICLE_CLASS_ RPPIF value is computed by weighting the RPPIF value by the average
numbe of axles per truck in VEHICLE_CLASS_AVG_AX_MONTH and summing the result.

RPPIF_MONTHLY_AVG_TRUCK: This table stores the RPPIF value associated with a truck
population by year, month, lajgnd direction. This value allows comparison of truck
populationgoy lane, direction, montlor site as having more or less impact on pavement
performance as the truck population at another location. The TRUCK_RPPIF value is computed
weighting the VEHICLE_CLASS_RPPIF values using VEHICLE_CLASS ADT_MONTH.

RPPIF_NALS_ANNUAL: This table stores the RPPIF value for a specific axle group and
vehicle class by year, langnd direction. This is the fundamental table from which all other
RPPIF_ANNUAL tables are derived. The value of ANNUAL_RPPIF is computed usingithe W
factors ad NALS_ANNUAL_DISTRIB and summed across all axle bins.

RPPIF_VEHICLE_CLASS_ ANNUAL: This table stores the RPPIF value associated with an
individual vehicle class by year, Igrand direction. This value allows comparison of vehicles of
the same class byrle, direction, or site as having more or less impact on pavement performance
as the same vehicle class at another location. The VEHICLE_CLASS_ RPPIF_ANL value is
computed by weighting the RPPIF value by the average number of axles per truck in
VEHICLE_CLASS AVG_AX_ANL and summing the result.

RPPIF_ANNUAL_AVG_TRUCK: This table stores the RPPIF value associated with a truck
population by year, lanand direction. This value allows comparison of truck populations by
lane, direction, or site as having moreasd impact on pavement performance as the truck
population at another location. The ANNUAL_TRUCK_RPPIF value is computed weighting the
VEHICLE_CLASS_RPPIF_ANL values using VEHICLE_CLASS_ADT_ANNUAL.

VEHICLE_CLASS Tables

The VEHICLE_CLASS tables were compdtprimarily to speed up computation of the RPPIF
tables for vehicle classes and truck populationsy phnevide insight into the size of the vehicle
class populations and numbers of axles contributing to the NALS and RPPIF values.

VEHICLE_CLASS _TOTAL_AXLES : This table stores the total number of axles by year,
month, lane, direction, vehicle class and axle group.

VEHICLE_CLASS TOTAL_COUNT: This table stores the total number of vehicles by class
by year, month, lanend direction. This table uses the cowgsociated with weight data in the
MM_CT table as the input.
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VEHICLE_CLASS_AVG_AX_MONTH: This table stores the average numbers of axles by
axle group for each vehicle class by year, month, kame direction. This table is like
TRF_MEPDG_AX_ PER_TRUCK expethat it is a monthly table and does not have a

minimum number of days of data requirement. It is used to compute VEHICLE_CLASS_RPPIF
in the RPPIF_VEHICLE_CLASS_MONTHLY table.

VEHICLE_CLASS_ADT_MONTH: This table stores the average daily traffic by vehicl

class, year, lan@and direction using VEHICLE_CLASS TOTAL_COUNT as an input. This

table is like TRF_MEPDG_AADTT_LTPP_LN but is a monthly table and no estimation process
is applied to account for missing days of data in the month. This table is ussdpote
RPPIF_MONTHLY_AVG_TRUCK.

VEHICLE_CLASS AVG_AX_ANL: This table stores the average numbers of axles by axle
group for each vehicle class by year, laar@ direction. This table is like

TRF_MEPDG_AX_ PER_TRUCK except that it does not have a minimunbauof days of
data requirement. It is used to compute VEHICLE_CLASS_RPPIF_ANL in the
RPPIF_VEHICLE_CLASS_ANNUAL table.

VEHICLE_CLASS_ADT_ANNUAL: This table stores the average daily traffic by vehicle
class, year, lan@nd direction using VEHICLE_CLASS_ AD MONTH as an input. This table

is like TRF_MEPDG_AADTT_LTPP_LN but no estimation process is applied to account for
missing days of data in the year and there is no minimum number of days of data requirement.
This table is used to compute RPPIF_ANNUAL_AVIRUCK.

CONSOLIDATED TRAFFIC DATA SET

Five new traffic tables added in 2018 provide a consolidated set of traffic information. Three are
designed for use with the AASHTKIE Designsoftware. The other twasemonitored and

estimated data within the LTPP dadge to provide traffic site characteristics and complete time
series values for each section studiHtk tables are described in the following paragraphs.

TRF_REP_PARAMETERS: The contents of this table includepresentative truck volume,
vehicle classitation and loading summary parameters by site. This table contains a set of
values that can be usemdescribe the traffic characteristics of a site while it is in a single
experiment. Sections that are part of multiple experiments have a separaregetsentative
values for each experiment. The values include AADTT, percentage of trucks by vehicle class,
and representative GESALSs by axle type, traeid vehicle clas§ he 2019 data release contains
ESALs, RPPIFand GVW values by axle type, tru@dnd vehicle clasfkepresentative values
provide an assortment of metrics to compare site traffic characteristics.

TRF_TREND: Contents includeraual traffic statistics computed or estimated for each in
service and irexperiment year. This table contair@umes for each section for every year they
were instudy. The volumes include AADTT foine entire truck population and the individual
vehicle classes. Loading trenaiecontained in th019public data release, ftoine total truck
population in termef ESALs, GESALsand average GVW (AT& average truck loading). The
values are derived from the TRF_REP_PARAMETERS table and the
MEPDG_TRUCK_VOL_PARAMETERS table.
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MEPDG_TRUCK VOL_PARAMETERS : This table includesgrameters used in the
AASHTOWare Pavement MBoftware to estimate traffic volumes for FHWA vehicle classes 4
to 13 over the analysis period. For each experiment a section was included by vehidieeclass
following information is provided: percentage of the class in the truck population, the type of
growth function (linear or compound), the growth rate, the AADTT for the first year in the
experimentand a code categorizing the underlying data.

MEPDG_AXLE_LOAD_DIST_FACTOR : Contents includéxle Load Distribution Factors

(ALDF) developed based on noatized axle load spectra (NALS) for use with AASHTOWare
Pavement ME software. These factors represent the expected distribution of axle loads by weight
for a typical day of the month for each month in the year. Thevsegdeveloped under two

separate amygsis contracts. One required complete data (all months and days of week being
present) meeting a large set of quality checks. The other used available monitored axle
distributions, ESAL estimateand site location where necessary to select reasonable

distributions from a set of typical distributions. The source and quality of the data in each
distribution is identified with a code

MEPDG_AXLE_PER_TRUCK: Representative number of axles per truck class for use with
AASHTOWare Pavement ME software. This dates computed from available monitored

weight data where it existed. A separate contract used the computed values to create a set of
defaults based on location and highway system to assign values for sites without monitored
weight data. The source and gtabf the data is identified with a code in this table.
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CHAPTER 13. MATERIALS TESTING MO DULE

BACKGROUND

Extensive field tests, materials sampling, and laboratory testing are conducted on LTPP test
sections to:

1 Verify and document the a®nstructed pavement structuwf LTPP test sections.

1 Provide the basic engineering material properties of the pavement structure that support a
wide variety of performance analyses.

1 Provide a measure of the variation in the pavement structure and material properties.

The original magrials characterization scheme was based on materials testing and parameters
that existed in the late 1980s. Updates to a few tests, most notably the resilient modulus of AC
materials, were made in the 1990s. Overall, the intention of the LTPP progmafogsd on

materials tests in common use at the initiation of the project, so that upon completion, a full suite
of results will be available for the entire time span.

The LTPP program developed materials sampling and testing protocols primarily based on i
place material samples from pavement structures, although for some tests on SPS sections or
GPS overlaysections, materials were sampled during construction. These protocols are
documented isHRRLTPP Interim Guide for Laboratory Matexlis Handling and Testingnd
SHRRLTPP Guide for Field Materials Sampling, Testing, and Handl{rgderal Highway
Administration 1991, Federal Highway Administration 198vaddition, materials sampling and
testing giidelines were developed for each SPS experiment.

The LTPP materials sampling and testing program began on GPS test sections accepted into the
program before 1990. An initial round of sampling and testing was conducted beginning in 1989.
LTPP contractorsanducted the field materials sampling and testing and laboratory testing for
these sections. For SPS sections and GPS owsataipns, the respective highway agewas
responsible for most materials testing. Resilient modulus and assbigating of hemix

asphalt (HMA) materials and the coefficient of thermal expansion of PCC materials are
conducted by LTPfontractecand FHWAIlaboratories.

MATERIALS TEST TYPES

A list of typical materials tests, test designations, and protacelshown imable6. The test

designation is used for database table names. Theoestsctedn a test section are dependent

on the type of materials, the thickness of the mateak$a and the type of pavement layer. Test
requirements also vary according to the objectives of the experiment to which the section is
assigned. In some cases, a layer may not have been thick enough to meet testing requirements for
bound materials or suéient quantities of materials could not be obtaiteeconduct a test.

LTPP Database Tip!

Perform an evaluation of data availability. Do not assume that all planned materials tests fre
available.
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Table 6. Materials testing designaitbns and protocols.

Material Test_ . |Name Protocol
Designation
Asphalt Concrete AC01 Core Examination and Thickness P01
Asphalt Concrete ACO02 Bulk Specific Gravity P02
Asphalt Concrete ACO03 Maximum Specific Gravity P03
Asphalt Concete AC04 Asphalt Content (Extracted) P04
Asphalt Concrete ACO07 Resilient Modulus, Tensile Strength, and Cr¢ PO7
Asphalt Concrete ACO8 Dynamic Modulusof Asphalt Concrete P74
Mixtures
Asphalt Concrete Hamburg Wheefllrack Testing of Asphalt
ACO09 Concrde P75
Asphalt Concrete AC10 Fracture Energy of Asphalt Materials P79
Asphalt Concrete SP01 Gyratory Compaction ®
Asphalt Concrete SPO?2 Volumetric an_d Gravimetric Properties of | )
Superpave Mixes
Extracted Aggregate From Asphalt Specifc Gravity of Coarse Aggregate
AGO01 P11
Concrete
Extracted Aggregate From Asphalt AGO2 Specific Gravity of Fine Aggregate P12
Concrete
Extracted Aggregate From Asphalt AGO4 Gradation of Aggregate P14
Concrete
Extracted Aggregate From Asphalt AGO5 Fine Aggegate Particle Shape P14A
Concrete
Asphalt Cement AEO1 Abson Recovery P21
Asphalt Cement AEO02 Penetration at 77 and 115F p22
Asphalt Cement AEOQ3 Specific Gravity at 60F P23
Asphalt Cement AE04 Viscosity at 77 F P24
Asphalt Cement AE05 Viscosity at 140F and 275F P25
Asphalt Cement AEQ7 Dynamic Shear Rheometer (DSR) Test @
Asphalt Cement AEO08 BendingBeam Rheometer (BBR) Test @
Asphalt Cement AE09 Superpave Direct Tension (DT) Test @
Asphalt Cement AE10 Multiple Stress CreeRecovery Test P73
Asphalt Cement AE11 Recycled Engine Oil Bottoms (REOB) Test |®
Asphalt Cement AE12 Rolling Thin Film Oven Test P77
Asphalt Cement AE13 Pressure Aging Vessel P78
Bound/Treated Base and Subbase | TBO1 :\(jllentif_ication and Description of Treated P31
aterialand Type of Treatment
Bound/Treated Base and Subbase | TB02 Compressive _Strength of Other Than Aspha P32
Treated Material
Unbound Granular Base and Subba UG01 Particle Size Analysis P41
Unbound Granular Base and Subba UG02 Washed Sieve Analysi P41
Unbound Granular Base and Subba UG04 Atterberg Limits P43
Unbound Granular Base and Subba UG05 Moisture Density Relations P44
Unbound Granular Base and Subba UG07 Resilient Modulus P46
Unbound Granular Base and Subba UG08 Classificationand Description P47
Unbound Granular Base and Subba UG09 Permeability of Granular Base/Subbase P48
Unbound Granular Base and Subba UG10 Natural Moisture Content P49
Unbound Granular Base and Subba UG13 Specific Gravity P71
Unbound Granular Basnd Subbase| UG14 Dynamic Cone Penetrometer P72
Subgrade SS01 Sieve Analysis P51
Subgrade SS02 Hydrometer Analysis P42
Subgrade SS03 Atterberg Limits P43
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Test

Material . . |Name Protocol
Designation
Subgrade SS04 Classification and Description P52
Subgrade SS05 Moisture Density Relations P55
Determination of Modulus of Subgrade
Subgrade SS06 Reaction by Nonrepetitive Static Plate Load| P58
Test
Subgrade SS07 Resilient Modulus P46
Subgrade SS09 Natural Moisture Content P49
Measurement of Hydraulic Conductivity of
Subgrade SS1P Saturated Brous Material Using a Flexible |P57
Wall Permeameter
Subgrade SS1® Expansion Index P60
Subgrade SS13 Specific Gravity P71
Subgrade SS14 Dynamic Cone Penetrometer P72
Portland Cement Concrete PC01 Compressive Strength P61
Portland Cement Concrete PQ02 Splitting Tensile Strength P62
Portland Cement Concrete PCO03 Coefficient of Thermal Expansion P63
Portland Cement Concrete PC04 Static Modulus of Elasticity P64
Portland Cement Concrete PCO05 Density of PCC P66
Portland Cement Concrete PCO06 Core Exannation and Thickness P66
Portland Cement Concrete PCO7 Interface Bond Strength P67
Portland Cement Concrete PCO8® Air Content of Hardened Concrete P68
Portland Cement Concrete PC09 Flexural Strength P69
SPS3 and-4 SCo1 Tests on Emuiified Asphalts ©)
SPS3 and-4 SC02 Plastic Fines in Graded Aggregates by Use |

Sand Equivalency Test
Testing Crushed Stone for Single Bituminou| 3,

SPS3and-4 SCO03
Surface Treatments
Determination of Flakiness Index of 3
SPS3 and-4 SC04 Aguregates ®
SPS3 and-4 SC05 Testing of Slurry Seal ©)
Measurement of Excess Asphalt in Bituming
SPS3 and-4 SC06 Mixtures by Use of Loaded Wheel and Sand ©
Cohesion
SPS3 and-4 SCo7 Wet Stripping Test for Cured Slurry Seal Miy ®
SPS3 and-4 SC08 Determination of Slurry System Compatibilit{ ©
Mixing, Setting, and WateResistance Test tg 4
SPS3and-4 SC09 Identify Quick Set Emulsified Asphalts ©
SPS3and-4 SC10A Aggregate Gradation of Chip Seals ®)
SPS3and-4 SC10B Aggregate Gradation of Slurry Seals ®)
SPS3and-4 SC11 Chip Seal Mix Design ®)
SPS3 and-4 sc12 Determination of Asphalt Content From Slur|
Seal Sample
SPS3and-4 SC13 Polish Value of Chip Seal Aggregates ®)
SPS3and-4 CS01 Properties of HePoured Joint Sealants ®)
SPS3and-4 CS02 Properties of Silicone Joint Sealants ®)
Notes:
! Test was conducted by the National Aggregates Association Joint Research Laboratory.

Data are not available for all test sections.

Data are limited; no more data expected.

These tests for the SE$4, 9, and 10experimentsvere performed using neol PP
developed material testing protocols.
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IMPORTANT FIELDS

In addition to the fields described in the course of outlining the sampling and layering
information tables, there are severdietfields common to many tables in the Materials Testing
(TST) module. While they are not critical to understanding the relational structure of the module,
they do provide additional information to the analyst.

FIELD_SET identifies materials sampled during visits to a site as related to construction events.
In theory, the FIELD_SET number should be incremented for each day that materials sampling
and testing were conducted. In practice, the FIELD_SET pudn span a period of time

during construction events.

Material samples from GPS test sections are typically obtained during the first site visit after
investigations to confirm the pavement structure. If a rehabilitation event is performed on a GPS
testsection, such as an overjagaterial samples from the overlaid pavement structure will be
assigned a new FIELD_SET number.

On SPS sites, assignment of a FIELD_SET number is more comp]isiaiesl construction of

multiple layers within &ingle construction event can occur. For SPS projects starting with a new

or reconstructed pavement structure (i.e.,-3P8, -8, and some9 6 s ) , FI'ELD_SET = 1
encompass the time until the final surface layer is completed. On SPS maintenance and

rehabilitation projects, FIELD_SET = 1 typically represents materials sampling and testing prior

to application of the maintenance and rehabilitation treatment.

On a given test section, FIELD_SET begins at 1 and is incremented for each site visit at which
material samples were obtained. As such, FIELD_SET can be used as a surrogate for the actual
date of sampling in identifying samples from a single section of approximately the same age.

TEST_NO s a code fieldbf the type TEST_NO that indicates where in the section the sample

was obtained. As such, TEST_NO can be used as a surrogate for the actual longitudinal location

of the sampling when identifying test results from adjacent material samples at a test Bectio

addition, some tests conducted on bulk samples had to be conducted on a combination of

materials sampled at different ends of the section or, in some cases, at different sections at an

SPS project to meet the minimum weight requirements of theCetain values of the code

TEST_NO are used to identify such conditions. Material samples obtained at an LTPP test
section are typically obtained from either ju
endo) or just afctteiront h(et heen di loefa vteh ee ntdeos)t. sSo me t
from within the test section; however, this is kept to a minimum to avoid altering the

performance characteristics of the section.

LAB_CODE is a code field of the type LAB_CODE thaentifies the laboratory that conducted

the test of interest. Because of the size of the LTPP program, many different laboratories

contributed to the materials testing database. The individual laboratory that conducted any given

test can be identified bhte L AB_CODE fi el d. LAB_CODE is actu
the first two digits of a LAB_CODE are the same as the STATE_PROVINCE code of the State

or Canadian Province in which the laboratory is located.
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COMMENTS_* are codes of the type COMMENT, soghialue must be linked to the codes

table for a description. Most of the test results tables share a unified set of comment codes. These
comment codes document expected error conditions, such as insufficient sample size or
specimen fracture during testinthese tables have multiple fields for storing these codes, taking

the form of COMMENTS_* (e.g., COMMENTS_1, COMMENTS_2, etc.). For cases where no
appropriate comment code is available, the COMMENT_OTHER field is used to store a text
comment.

UNDERSTANDING THE MATERIALS TESTI NG DATA STRUCTURES

Materials testing data from tests performed as part of the LTPP program are stored in the TST
module. Additional materials characterization data are stored in the INV, RHB, MNT, and SPS#
modules; however, applicabylibf this data to specific test section locatiwsnknown due to

the generalprojectlevel nature of this information.

Test Results Tables

Tables containing the results for specific tests can be identified based on the test designations
shown inTable6. For example, data resulting from test ACO3 is stored in a table named

ATST_ _AC030. Some subgrade and unbound base | a
same protocol, but which have different test giestions, are stored in tables that have a name
reflecting both test designations. For example, data resulting from test designations SS02 and

UGO3 are located in TST_SS02_UGO03.

Some tests, such as the resilient modulus tests, generate more complethegsarésstored in a
related series of tables. The following sections include a general outline of each test results table
in the TST module.

Most TST tables have a primary key that consists of many fi€{gtscally the key is at least
STATE_CODE, SHRPD, LAYER_NO, FIELD_SET, TEST_NO, and LOC_NO.
SAMPLE_NO is also a key field in many of the tables, but should not be relied on for
uniqueness.

AC Test Results Tables

TST_ACO01: This table contains the results of a visual examination of an AC It@antains six

fields (VISUAL_EXAM 1 through VISUAL_EXAM _6) for codes related to the observed
properties of the core. These codes, of code type VISUAL_ACPC, encompass such items as
stripping and degraded aggregate. An additiaetd {VISUAL_EXAM_OTHER) is reserved

for text comments for which no numeric codes were reserved. In addition, the height of the core
is stored in the CORE_AVG_THICKNESS field.

The FIELD _LAYER _NO field should not be confused wWitAYER _NO as used elsewhere in

the TST module. Field layering, as the name suggests, is assigned during the field visit and is
often modified at the regional office after inventory and materials testing data are reviewed. To
obtain the #tthstable misabg lemked to TSTLAEQL,LAYER (described
below) using the STATE_CODE, SHRP_ID, FIELD_SHEhd FIELD_LAYER_NO fields.
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(FIELD_SET is required because field layering may be assigned diffeansigparate field
Visits.)

TST_ACO01_LAYER: This table contains the information necessary to convert the field layer
numbers recorded in TST_ _ACO01 to Atrueo | ayer
addition, this table contains the thicknessafeh At rueodo | ayer insofar as
from the core. This thickness is stored in the LAYER_THICKNESS field.

TST_ACO02: This table contains bulk specific gravigst results from AC samples. Calculated

bulk specific gravity is stored in the BSG field (no intermediate results are included). In addition,
percent moisture absorption is availablenfrthe WATER_ABS fieldWhen specimens have
WATER_ABS values over 2%, the protocol calls for additional BSG testing to be performed on

a paraffin coated speci men. I f this was done,
the BSG value is recorded inetiCOATED_BSG field.

TST_ACO03: This table contains theoretical maximum specific gram@sf results from AC
samples. Calculated maximum specific gravity is storaderMAX_SPEC_GRAVITY field (no
intermediate results are included).

TST_ACO04: This table contains extracted asphalt contesttresults from AC samples.
Calculated asphalt content is stored in the ASPHALT_CONTENT_MEAN field (nometiate
results are included).

TST_ACO0S5: This table contains moisture susceptibitigt results from laboratoigompacted

bulk asphalt specimens. There are only data for a limited number of sectiorthdr&msL, -5,

-8, and-9 projects. A user should first check for data availability before attempting to use this
data in analysis. The LTPP protocol for this test (P05) is primarily based on AASHTO T283, and
the user should be familiar withe procedure before attempting to interpret the results.

In essence, test ACO5 evaluates the changes in indirect tensile strength in a bituminous mixture
caused by water saturation. Six specimens are molded from bulk samples using Marshall,
Hveem, or gyatory compactiorfthe type of compaction used is stored in the
METHOD_OF_COMPACTION field). Three of these cores are subjected to vacuum saturation
followed by freezing and warm water soaking cycles, while the other three are kepll diry. A
specimens are then loaded to failure in indirect tension. The ratio of the average strength of the
dry specimens to the conditioned specimens, called the tensile strength ratio (TSR), is stored in
the TENSILE_STRENGTH_RATIO field. In addition, thatio of the coefficient of variation of

the strength of the dry specimens to the coefficient of variation of the strength of the conditioned
specimens is stored in the RELATIVE_VARIATION_IN_STRENGTH field.

TST_ACOS5 also contains several intermediate catauis for the six specimens. These

calculations are stored in fields with names in the format {property name} # {C,U}, where the
property name is the measured property (such as WIDTH or BSG), # is the name of the number,
and {C,U} denotes whether the sp®en is from the conditioned set or the unconditioned set.

TST_ACOS5 also has a slight complication regarding sample numbers. The SAMPLE_NO field
denotes the sample number of the bulk asphalt concrete from which the specimens were molded
and SAMPLE_NO_# {QJ} denotes the sample number assigned to the compacted specimens.
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Since these specimens were tested to failure, their individual sample numbers should not appear
in any other table.

TST_AC_MOIST_DAMAGE: This table contains data resulting from a visual eatabn of
moisture damage to the field cor@sata exists for only a limited number of SB&nd-9
sections.

TST_SPO01_MASTER:This table contains sample and testing configuration information as well
as summary results from the Superpave gyratory compactio essummary results include
density values at initial, Mesign, and Nmax gyration compaction levels.

Since these data were primarily colkstton test sections in the SPStudy, at a time when

State agencies and industry were in the process of implementing and further refining the
Superpave mixture design procedure, only a limited amount of data are available in this table. A
user can expethat available records will contain missing values for some fields due to the
experimental nature of the tests that were performed.

This table uses TST_ID as a primary key allowing linking of test results to test samples and
material layer on more than emest section.

TST_SP01_DATA This table contains density, air voids, voids in mineral aggregate, and voids
filled with asphalt as a function of the number of compaction gyrations for the Superpave
gyratory compactiortest.

Since these data were primarily collected on test sections in the Sia8y, at a time when
State agencies and industry were in the process of implementing and further refining the
Superpave mixture design procedure, only a limited amouwtdtafare available in this table. A
user can expect that available records will contain missing values for some fields due to the
experimental nature of the tests which were performed.

This table uses TST_ID as a primary key allowing linking of test seguliest samples and
material layer on more than one test section.

TST_SPO02 This table contains test results and corresponding computed volumetric properties of
laboratory compacted and field cores of asphalt concrete from primarit $38sectionsAC
volumetric properties include effective binder content, voids in the mineral aggraigatds,

voids filled with asphaltand speific gravity of the mix components.

This table uses TST_ID as a primary key allowing linking of test results to test samples and
material layer on more than one test section. To determine the type of material sanser
must use TST_ID to link to the TST_LINK_SAMPLE table.

TST_ACO07_V2_* AC Resilient Modulus Tables

Test results from LTPP test ACO7 are stored in four related tables. These results include resilient
modulus, creep compliance, and the indirect terstiengthof AGC or e sampl es. fAV20
table names indicates that these tests were conducted according to theseesionaf protocol
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P07 used by the LTPP program. The results from the first version of protocol P07 are considered
unreliable and are not available in the SDR.

TST_ACO07 involves multiple tests on three specimens. The analytical procedures employ
complex éta massaging, averaging, and outlier elimination methods to combine the results from
these three specimens. While a full understanding of these analytical procedures is not a
requirement for using the data, a basic understanding of the test proceddnerovalto be

useful. The test procedure is documentedTiRP Protocol PO7: Test Method for Determining

the Creep Compliance, Resilient Modulus, and Strength of Asphalt Materials Using the Indirect
Tensile Test Devicand is illustrated b¥figure26. Protocol P07 is also similar to AASHTO

TP996 with regards to the creep compliaacel indirect tensile strength portions.

TST_ACO07_V2_SPECIMEN_INFO: This table is considered the master table for a

TST_ACO07_V2 sbmodule. This table also includes the sample numbers for the three specimens
used (SAMPLE_NO_*), thicknessformation (THICKNESS_SPECIMEN_*), diameter

information (DIAMETER_SPECIMEN_*), and bulk specific gravtgst results

(BSG_SPECIMEN_*). This table also contains the unique filenames for the output files

generated by the analysis software. These files are stored offline, but may datdaof interest

to some analysts. These data are stored in the CREEP_DATA_ANAL_FILE,
MR_DATA_ANAL_FILE, and IDT_DATA_ANAL_FILE_* fields, where MR stands for
Airesilient moduluso and I DT stands for dAindir

TST_ACO07_V2_MR_SUM: This teble contains summary data for the resilient modulus tests.

These data include computed values for three load cycles and average values. The three
computed values are instantaneous resilient m
The instardneous resilient modulus is calculated using only the strain recovered during the

unloading portion of the cycle, while the total resilient modulus includes the strain recovered
duringthe0.%s econd fAresto portion ofdds heormtyai mi.. ndg na
Poissondés ratio. This is an output of the ana
procedure sometimes yields unreasonabl e Poi ss
filenames for the three raw data fileséoper specimen per test temperature) generated by the

test data acquisition system and processed by the analysis software. They are stored offline. The
primary key includes TEST_TEMPERATURE since this test is conducted at three different
temperatures.
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TST_ACO07_V2_SPECIMEN_INFO

Basic information for

Basic information for | Basic information for

specimen 1 specimen 2 specimen 3
Basic Info Basic Info Basic Info
Raw Data Raw Data Raw Data

l |
A 4
Analysis Software
TST_AC07_V2_MR_SUM
Resilient Modulus at Temperature 1 (<
Seﬁggtr)ds Resilient Modulus at Temperature 2 |«
Resilient Modulus at Temperature 3 |«
TST_AC07_\2_CREEP_COMP_SUM
Creep Compliance at Temperature 1
(3 records Creep Compliance at Temperature Z
per test) :
Creep Compliance at Temperature 3«
TST_AC07_V2_IDT_SUM
(1 record Indirect Tensile Strength at P
per test) Temperature 1 )
Source: FHWA

(1 record
per test)

Figure 26. lllustration. lllustration of relationships among TST_ACO07* tables.
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TST_ACO07_V2_CREEP_COMP_SUM:This table contains summary data for the creep
compliancetests. Creep compliance i®std in the CREEP_COMP_* SEC fields, where * is

the time interval from the initiation of the test in which the creep compliance was calculated.
These time intervals are 1, 2, 5, 10, 20, 50, and 100 seconds. In addition, the value of the

Poi s s o n &uated asing tleesedatd is stored in the CREEP_POISSON_CALC field. The
CREEP_POISSON_USED field contains the value used in the computation as described in the
preceding paragraph. In addition, the unique filenames for the three raw data files (one per
speimen) are stored in the CREEP_COMP_DATA_FILE_SPECIMEN_* fields. The primary

key includes TEST_TEMPERATURE since this test is conducted at three different temperatures.

TST_ACO07_V2_IDT_SUM: This table contains the summary data for the indirect tensile

strength test. Indirect tensile strengths for the three specimens are stored in the
IDT_SPECIMEN_* fields, while the average is stored in the IDT_AVERAGE field. The
calcul ated Poissonds ratio for this test 1is
IDT_POISSON_USED field contains the value used in the computations as described in the
discussion of TST_ACO07_V2_MR_SUM. Several other fields for the initial tangent modulus,
fracture energy, and failure strain exist; however, the data to populate thenm iacuaed in

the standard release because the algorithms used by the analysis software are insufficiently
documented, could not be reversggineered, and are suspect. The primary key includes
TEST_TEMPERATURE, although this test is only conducted atem@erature.

Asphalt Cement Test Tables

TST_AEO1: This table contains the results of the extraction of asphalt cdroenfield cores

by the Abson method. The two déields are MASS_OF RECOVERED_BITUMEN, which
contains the mass in grams of the recovered asphalt cement, and
ASH_CONTENT_OF_BITUMEN, which contains the percent ash content of the recovered
asphalt cement. Generally, this test is conducted to provide nhédetize other AE series tests,
although the sample number for the input material is the same as the sample number for the
output material.

TST_AEO01Sis quite similar to TST_AEO1; however, it was developed to accommodate data
from SPS3 projects that were tested according to different protocols. The only significant

di fference from the analystodés perspective i
included in the MOISTURE_IN_MIXTURE field.

TST_AEOQ2: This table contains the resaibf penetration tests conducted on extracted asphalt
cemens at 25C (77 degrees FahrenheiE}) and 68C (155F) (although plansampled asphalt
cements were tested for some SPS projects). The three data fielEN&ERATION 77 _F,
PENETRATION_155 F, and PENETRATION_INDEX.

TST_AEO02S:This table contains data for SB$rojects only. Penetration was performed at
only one test temperature, typically 25 (77 F). The test temperature is stored in the

TEST _TEMPERATURE field and the penetration is stored in the AVERAGE_PENETRATION
field.
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TST_AEOQ3: This table contains the results of specific gravity tests on extracted asphalt cement.
Calculated specific gravity is st in the only data field (SPECIFIC_GRAVITY).

TST_AEO04: This table contains the viscosity of asphalt cemastsieasured using a ceaed

plate viscometer. This test is conducted at a nominal temperature ©f(Z3 F). The data

fields include viscosity and the corresponding shear rate for five surcharges (100, 300, 1000,
3000, and 10,000 grams), and the fracture load and failure shear stress. This test is no longer
conducted.

TST_AEOQ5: This table contains the resultskifiematic viscosity testing at 13& (275 F) and
absolute viscosity testing at 6G (140 F). The summary data fields are
KINEMATIC_VISC 275 F and ABSOLUTE_VISC_ 140 _F, although some intermediate
calculations are also provided.

TST_AEOQ06S:This table cordins the absolute viscosity of extracted asphalt cement frorRBSPS
projects. These data are similar to the absolute viscosity data stored in the TST_AEOQS table. The
test was conducted at a nominal temperature 06(140 °F). Absolute vissity data are stored

in the VACUUM__CAPILARY_VISC field and the test temperature is stored in the
TEST_TEMPERATURE field.

TST_AEO07_MASTER: This table contains sample and test device configuration for Dynamic
Shear Rheometer (DS®sts on asphalt cement. The results of the DSR tests are stored in the
TST_AEQ7_DATA table.

This table uses TST_IBs a primary keyallowing linking of test results to test samples and
material layes on more than one test section.

TST_AEQ7_DATA: This table contains the complex modulus and phase angle from DSR tests
on asphalt cement samples at different temperatures. The sample and device configuration
information for this test data is contained in the TST_AC07_MASTER table. TSTdD an
AGING_TYPE fields are used to link records between these tables. Currently, data contained in
this table are from material samples from S&Pi8st sections.

This table uses TST_ID as a primary kaNowing linking of test results to test samples and
material layes on more than one test section.

TST_AEO08 MASTER: This table contains sample, test device, and regression coefficients of
the creep stiffness versus load time curve from Bending Beam RheometertéBBR)n asphalt
cement samples from SP&est sectionat different test temperatures. The regression
coefficients contained in the REG_CO_A, REG_CO_B, and REG_CO_C fields are computed
for the following equation:

log S(t) = A+ B(Iog(t)) + C(Iog(t))

Figure 27. Equation. Regression equation for creep stiffnesisload time curve illustrating
coefficients stored in database.
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Where:

S(t) = Time dependent flexural creep stiffness, MPa
t = Loadingtime in seconds

A = Regressiortoefficient REG_CO_A

B = Regressiortoefficient REG_CO B

C = Regressiortoefficient REG_CO_C

The results of the BBR tests are contained in the TST_AEO08 DATA table. The key fields used
to link these data together include TST_ID, AGING_TYREG TEST_TEMP.

This table uses TST_ID as a primary kaNowing linking of test results to test samples and
material layes on more than one test section.

TST_AEO08 DATA: This table contains the results of BBR tests on asphalt cement samples
from SPS9 teg sections as a function of temperature and loading time. Test results reported
include the applied force, deflection, measured stiffness, estimated stiffness, difference between
the measured and estimated stiffness, and absolute value of the slopegdiritiemic stiffness

time curve computed from the first derivative of the creep stiffness load time equation from the
BBR test.

The related records in TST_AEO08 MASTER table are linked to records in this table using the
TST_ID, AGING_TYPE, and TEST_TEMPeifids.

This table uses TST_ID as a primary kaNowing linking of test results to test samples and
material layes on more than one test section.

TST_AE09 MASTER: This table contains sample, test configuragteomd summary statistics of
the results of th®irect Tension (DT}est on asphalt cement samples from-SR&st sections.
For each test temperature and type of aging, test results include the average and standard
deviation of the pak load, failure stress, and failure elongation.

Results of the DT test are stored in the TST_AEQ09 DATA table. The related records in this table
are linked using TST_ID, AGING_TYPE, and TEST_TEMP.

This table uses TST_ID as a primary kajjowing linking of test results to test samples and
material layes on more than one test section.

TST_AEQ09 DATA: The table contains the results of the DT test on asphalt cement samples
from SPS9 test sections. For each aging type and test temperature, the results 4frapeat
tests are provided. Test results include peak load, peak stress, failure elongation, and failure
strain.
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These data are related to the summary information contained in the TST_AE09 MASTER table
using the TST_ID, AGING_TYPEand TEST_TEMP fields

This table uses TST_ID as a primary kajjowing linking of test results to test samples and
material layes on more than one test section.

TST_AE10_MASTER: This table contains sample, test configurgteomd summary statistics of
the results of the Mtiple Stress Creep Recovesst on asphalt samples. This test is performed
on samples from the SPI® warm mix experimental test sectioAsthis point in time the table

is empty and is not expected to be released until,202én results of these teftscome
available.

This table uses TST_ID as a primary kaljowing linking of test results to test samples and
material layes on more than one test section.

TST_AE10_DATA: This table contains the detailed resultd/feitiple Stress Creep Recovery
tess on asphalt sampless a function of stress level and cycle numbhis test is performed on
samples from the SPB) warm mix experimental test sections. At this point in time the table is
empty and is not expected to be released until 2086n results ofhese tests become available.

This table uses TST_ID as a primary kaljowing linking of test results to test samples and
material layes on more than one test section.

TST_AEL11 This table containgboratory test results of asphalt cement samples iR
SPS10 test sections to detect use of Recycled erdReed Engine Oil Bottoms (REOB). The
table contains estimates of concentrations of calcium, copper, zinc, &gieTmm in parts per
million. The REOB field contains a measure of the percerdgbgsphalt containing recycled
engine oil bottoms. This is a very limited data set.

This table uses TST_ID as a primary kaNowing linking of test results to test samples and
material layes on more than one test section.

TST_AE12 This table containdata from the Rolling FilnDven Testwhichis used to age

asphalt samples for other subsequent tests. While this table tracks changes in Sample Mumbers
also reports on changes in the mass of the asphalt shegalase ofhe artificial aging process
applied to the material test sampl@#is table was added as a part of the-&B&arm mix
experimentAt this point in time the table is empty and is not expected to be released until 2020
when results of these tests become available.

TST_AEOQ013 This tabé contains data from tlaging of asphalt binder specimens, using the
Pressure Aging Vessel methdichis table primarily tracks changes in Sample Numbers from
before and after application of the pressure agiethodology. This table was created for the
LTPP SPDSLO warm mix experimenAt this point in time the table is empty and is not
expected to be released until 20@Men results of these tests become available.
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Tables on Aggregate in Asphalt Concrete

TST_AGOL1: This table contains the bulk specifiagity and percent moisture absorption of
extracted coarse aggregétem AC cores. These data are stored in the
BSG_OF_COARSE_AGG and ABSORPTION_OF_COARSE_A@Gi$. Some intermediate
calculations are also included.

TST_AGO02: This table contains the bulk specific gravatyd percent moisture absorption of
extracted fine aggregatem AC cores. These data are stored in the BSG_OF_FINE_AGG and
ABSORPTION_OF_FINE_AGG fields. Some intermediate calculations are also included.

TST_AGO04: This table contains the gradatiohextracted aggregate from Afres. Gradation

is determined by sieve analysis. The sieve set used consists aff@{B/inch), 25.0mm (1
inch), 19.0mm (%4inch), 12.5mm (%zinch), 9.5mm  ({n&h), 4.75mm (No. 4), 2.06mm (No.

10), 425um (No. 40), 180 um (No. 80), and g (No. 200) sieves. The percent passing each
sieve is stored in a data field such as ONE_AND_HALF_PASSING for then8%.51%2inch)
sieve or NO_80_PASSING for the 180 pm (No. 80) sieve.

TST_AGO05: This tablecontains the fine aggregate shape test results for fine aggregate extracted
from AC coresData include bulk specific gravitpecent moisture absorption, and

uncompacted void content, which are stored in the BSG, ABSORPTION, and
UNCOMP_VOID_AVG fields respectively

In Situ Tests

TST_ISD_MOIST: This table contains in situ density and moisture comtexgisurements using

a nuclear density gauge. Up to four measurements of dry density (ISD_DRY _*), wet density
(ISD_WET_*), and moisture content (ISMC_*), along with their respective averages
(ISD_DRY_AVG, ISD_WET_AVG, EMC_AVG), are stored in this table. The
DEPTH_TOP_STRATA field contains the depth (in inches) from the measuring surface to the
pavement surface.

TST_SS14 UG14 MASTERThis is the master table for Dynamic Cone Penetrometer (DCP)
tests performed on unbound bases and subgrstaeting withthe SPS material action plan
begunin 2005 One record is contained in this table for each test at a given location. This table
contains information on the test equipment and test s@thgpfield ZERO_POINT_DEPTH
contained in this table is needed to interpret the DCP measurements contained in the
TST_SS14_UG14_DATA table.

TST _SS14 UG14 DATAThis table contains the results of the measurements from the DCP
test. The measurements are giarethis table for each reading. Each reading consists of the
number of blows since the last reading, the penetration since the last reading, the cumulative
penetration, the DCP index, and an estimate of the California Bearing Capacity estimated using
thetable method contained in ASTM D69938. To determine the depth below the surface of the
pavement for each measurement, the ZERO_POINT_DEPTH stored in

TST _SS14 UG14 MASTER table must be subtracted from the PEN_CUMULATIVE contained
in this table.
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TST_SS14UG14 COMMENT: This table contains comments concerning the DCP test.
PCC Test Results

TST_PCO01:This table contains the compressive strength of PCC ¢aitesugh for a few SPS
projects, cylinders made from fresh PCC sampled during construction were tested). Compressive
strength is stored in the COMP_STRENGTH field and the observed fracture mechanism (a code
of the type FRACTURE) is stored in the COMP_STRENGTH_FRAC field. Several other
intermediate calculations, such as the length and diameter of the specimen, are also stored.

TST_PCO02:This table contains the splitting tensile strength of PCC @résome cylinders

(see discussion for TST_PCO01). Tensile strength is stored in the TENSILE_STRENGTH field
and the observed failure mechanism (a code of the type FRACTURE) is stored in the
TENSILE_STRENGTH_RAC field. Several intermediate calculations, such as the length and
diameter of the core, are also stored.

TST_PCO03:This table contains the coefficient of thermal expansion of B&@€s. The
coefficient of thermal expansion is stored in the COEFF_THERMAL_EXPANSION field. In
addition, a coded description of tblearacter of the aggregate type is included in the
PRIMARY_AGG_CLASS and SECONDARY_AGG_CLASS field=o allow entry of repeat
measurements on the same sample, TEST_SEQUENCE is part of the key, but it does not
necessarily imply order of testing

TST_PCO04:This table contains th&atic modulus of elasticity of PCgores. Elastic modulus is
stored in the ELASTIC_MOD fieldhte Poi ssonds ratio is stored i
and unit weight is stored in the UNIT_WT field.

TST_PCO05:This table contains the density measurements for PCC cores. Bulk specific,gravity
apparent specific gravity, density, and percent vardsstored in the
BULK_SPECIFIC_GRAVITY_DRY, APPARENT_SREIFIC_GRAVITY,

DENSITY_OF_PCC, and PERCENT_VOIDS_IN_PCC fietdspectively. Several other
intermediate calculations are also included in this table.

TST_PCO06:This table contains the visual examinationesdior PCC coresSix fields
(VISUAL_EXAM_*) are provided for visual comments of the type VISUAL_ACPC (which
means that these comments must be linked to the CODES table to retrieve their meaning). A
seventh fieldVISUAL_EXAM_OTHER) is reserved for comments for which no comment
codes were provided. In addition, this table also provides the thickthttss core, which is

stored in the CORE_AVG_THICKNESS field.

TST_PCO07:This table contaimthe interface shear strength between two bonded®E6.

This test is conducted on a core (including both layers). The maximum shear strength exhibited
by the bond durig testing of the core is stored in the SHEAR_BOND_STRENGTH field.

Several intermediate calculations are also included in this table.

TST_PCO08:This table contains the air content of hardened BEGetermined by visual
examination of core specimens. Air content is stored in the AIR_CONTENT field. These data
exist for only a handful of SRS and-8 projects.
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TST_PCO09: This table contains the flexural strengfhiPCC beamghat were poured from

materials sampled at the time of construction. Because of the requirement for sampling during
construction, data for this test are only available for SPS sections. The modulus of rupture is
stored in the MODULUS_ OF RUPTURE field. Several other intermediate calculations are also
included.

Test Results for Materials Specific to SFSand-4

TST_CSO01:This table contains data on lmured joint sealanfer a few SPS3 and-4
sections. There are a small number of records in this table. For further information on these tests,
see the SRS and -4 data collection guide.

TST_CSO02:This table contains data on silicone joint sealémts few SPS3 and-4 sections.
There are a small number of records in this table. For further information, séeSBea8d-4
data collection guide.

TST_SCO01:This table contains the results of various tests on asphalt emulsions used in surface
treatmentapplied to SPS sections only. Unlike most ath tables in the TST module that

contain the results for a single test, this table contains the results for many tests on the same
material. Most of these tests are straightforward; however, some of themusrealin these

cases, consult the SBSand-4 data collection guide).

TST_SCO02:This table contains the sand equivalency of fine aggregaterials from SPS
sections only. The sand equivalency value, expressed as a percentage, is stered in
SAND_EQUIVALENCY field. No intermediate values are stored.

TST_SCO03:This table contains the results of various tests on coarse aggregates used in surface
treatmentapplied to SPS sections aly. There are a small number of records in this table and
no further data are expected. For further information, see th& 3R&4 data collection guide.

TST_SCO04:This table contains the flakiness index of aggregates used in surface treatments
applied to SPS sections only. The flakiness index is stored in the FLAKINESS INDEX field.
No intermediate calculations are stored.

TST_SCO05:This table contains the results ofioas tests on slurry seagpplied to SPS
sections only. This table contains limited data and no further data are expected. For further
information, see the SP$and-4 data collection guide.

TST_SCO7:This table cordins the results of the wet stripping test of cured slurryrseas
applied to SPS sections only. This table contains limited data and no further data are expected.
For further information, see the SB%nd-4 data ctection guide.

TST_SCO08:This table contains the results of the slurry system compatibility test for slursy seal
applied to SPS sections only. This table contains limited data and no further data are expected.
For further information, see the SBXand-4 data collection guide.
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TST_SCO09:This table contains the results of tests to identify gsietkasphalt emulsions used
in surface treatmentgpplied to SPS sections only. This table contains limited data and no
further data are expectdeor further information, see the SB&nd-4 data collection guide.

TST_SC10A:This table contains the gradatiohaggregates used in chip seabplied to SPS
sections only. Gradation analysis is conducted by sieve test using thmarhiZ*ainch), 9.5mm

( Ench), 4.75mm (No. 4), 2.36nm (No.8), 2.00nm (No. 10), and 7fm (No. 200) sieves. The
percent passing each sieve is stored in fields whose siarabased on the United States (U.S.)
customary designation for the sieve size. For example, NO_4 PASSING contains data passing
the 4.75mm (No. 4) sieve.

TST_SC10B:This table contains the gradatiohaggregates used in slurry seapplied to SRS

3 sections only. Gradation analysis is conducted by sieve test using then8Qsinch), 4.75

mm (No. 4), 2.36nm (No. 8), 1.18nm (No. 16), 60@um (No. 30), 30Qum (No. 50), 15qum

(No. 100), and 7%m (N0.200) sieves. The percent passing each sieve is stored in fields whose
names arebased on the U.S. customary designation for the sieve size. For example, the field
named FIVE_SIXTEENTHS_PASSING coirta data for percent retained on the Bud (/16

inch) sieve.

TST_SC11:This table contains various data used in chip s@aldesigns applied to SPS
sections only. Factors such as the average least dimension of thgasg@seored in
AVG_LEAST_ DIMENSION) and the rate of asphalt application (stored in
RESIDUAL_ASPH_SPREAD_RATE) are included.

TST_SC12:This table contains the asphalt content of slurry sggitied to SPS3 sections
only. The percent asphalt by weight of dry aggregate is stored in the ASPHALT_CONTENT
field. No intermediate results are available.

Treated Base Test Results

TST_TBO1: This table contains various classification results for treatedrbatsials The

overall description of the treated material is available from the DETAIL_TREAT_MATL field.
The DETAIL_TREAT_TYPE field identifies the treatment agent. Both fields contain codes of
the type TREAT_TYPE. There are also tikeds (PRELIM_TREAT_MATL and
PRELIM_TREAT_TYPE) that may have had significance at the beginning of the LTPP
program; however, they no longer provide useful information except in cases where there is no
data in the corresponding DETAIL* fields, in whichse they may be used as a substitute. There
are various soil geologselated fields and aggregatige fields that may or may not be

populated based on the nature of the treated material.

TST_TBO02: This table contains unconfined compressive strength sefaultreated base
materials. Compressive strength (in pounds force per square inch ([B¥isctored in the
COMP_STRENGTH field. Fractumode (a code of the type FRACTURE) is stored in the
COMP_STRENGTH_FRAC field.
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Unbound Materials Testing Results

TST_SS01 _UGO01_UGO0ZThis table contains the gradatiohunbound coarsgrained granular
base, subbase, and subgrade matef@akdation analysis is conducted by the washed sieve test,
with the washed fines included with the percent passing tipen7@No. 200) sieve. The sieve set
specified in the test protocobnsists of the 7Bhm (3inch), 50mm (2inch), 37.5mm (1%zinch),
25.0mm (linch), 19.0mm (%4inch), 12.5mm (Y2inch), 9.5mm  {n&h), 4.75mm (No. 4), 2.00
mm (No. 10), 42%m (No. 40), 18Qum (No. 80), and 7fm (No. 200) sieves. The nameezch
field is based on the U.S. customary sieve size name. For example,
ONE_AND_HALF_PASSING contains datar material passing the 37tbm (1%zinch) sieve.

In addition, the total dry weight of the sample before washing is stored in the SAMPLE_WT
field and the moisire content of the sample prior to testing is stored in the
MOISTURE_CONTENT field. If data are unavailable for a given material, check
TST_SS02_UGO03.

TST_SS02_UGO03This table contains the gradatiohunbound finegrained granular base

subbase, and subgrade materials. Gradation analysis is conducted by sieve test combined with
hydrometer analysis. The sieve set used is identical to that used in TST_SS01_UG01_UGO02, as
are the associated field names. In addition, the hydrometer resuéispressed as percent size
smaller (passing) 0.02 mm (780 micro inch), 0.002 mm (78 micro inch), and 0.001 mm (39
micro inch). These data are stored in fields whose samdased on the SI measurement
convention. Foexample HYDRO_02 contains data psiag, or smaller than, 0.02 mm (780

micro inch). These values are also expressed as percent gravel (GT_2MM), coarse sand, fine
sand, silt, clay, and colloids in fields of the same name. If data are unavailable for a given
material, check the TST_SS01_UGQIG02 table.

TST_SS04_UGO08This table contains the general classification of unbound granular base,
subbase, and subgrade materibdgrmation in this table includes maximum partisiee
(MAX_PART_SIZE), soil color (SOIL_COLOR 10 fields for the description codes of the type
SOIL_CRITERA including ASTM classification (DESC_COD#, and AASHTO

classification (AASHTO_SOIL_CLASS).

TST_SSO06:This table contains the modulus of the subgraghction (kvalue)of unbound

subgrade layers. This subgrade reaction is measured by static plate loading. Raw modulus (in
Ibf/inch?inch) is sored in SOIL_MOD_UNCORRECTED, while the modulus as corrected for
plate bending is stored in SOIL_MOD_CORRECTED.

TST_SSO08:This table contains subgrade in situ moisture and density measurentents
measurements are taken on thiall tube or splispoon specimens. Moisture content is stored in
the MOISTURE_CONTENT field and dry density is stored in the DRY_DENSITY field. A few
intermediate calculations are also available.

TST_SS10:This table cordins unconfined compressive strength measurements on subgrade
materials.Test specimens are obtained by thiall tube sampling. Unconfined compressive
strength is stored in the UNCONFINED COMPRESSED_STRENGTH fieldddition, the
moisture content and dry density of the specimen are stored in the MOISTURE_CONTENT and
DRY_DENSITY fields respectively.
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TST_SS11:This table contains hydraulic conductivity measurements on subigpateeials
obtained using a flexiblevall permeameter. Data are only available for a limited number of
SPS1, -2, -8, and-9 sections. Test specimens are eitherwmtl tube samples or laboratory
remolds. Hydraulic conductivity is storadthe AVG_HYDRAULIC_CONDUCTIVITY field.
Several intermediate calculations are also available.

TST_SS12:This table contains potential vertical rise (PVR) values for subgrade materials
These data are intended for use nitifying expansive soils. This total is the summation of the
PVR for the first 6.1 m (20 ft) of subgrade depth, tested ati®.§2ft) intervals. This table
contains limited data and no further data are expected.

TST_UGO04_SS03This table contains the #&rberg limit testesults for unbound granular base,
subbase, and subgrade materials. The liquid limit, plastic limit, and plasticity index are stored in
the LIQUID_LIMIT, PLASTIC_LIMIT, and PLASTICITY_INDEX fields respectively.

TST_UGO5_SSO05This table contains standard Proctor test results for unbound granular base
subbase, and subgrade materials. Only the optimum dry density and moisture content are stored
in the table (in the MAX_LAB_RY_DENSITY and MAX_LAB_MOISTURE fields

respectively). The other points on the moistdeasity curve are not loaded into the database.

TST_UGO09: This table contains the permeability of unbound base and subbase material
tested under constant head using a vgall permeameter. Measured hydraulic conductivity is
stored in the AVG_HYDRAULIC_CONDUCTIVITY field. Some intermediate calculations are
also included.

TST_UG10_SS09This table containthe in situ moisture content of unbound base, subbase,
and subgrade materiads measured by drying samples in the laboratory. Measured moisture
content is stored in the MOIST_CONTENT fieldo intermediate calculations are stored.

TST_UNBOUND_SPEC_GRAV This table contains the specific gravity of unbound base and
subgrade materialSince this test was not specified in thiggimal material test guidelines for
LTPP sections, data are only available for a subset of test sections.

Resilient Modulus of Unbound Materials TST_UGO07_SS07_* Tables

The TST_UGO07_SS07 family of tables contains resilient modulus data for unbound granular
base, subbase, and subgrade mateiiaisting is conducted according to LTPP Protocol P46.
Analysts are encouraged to review the test protocol before using ¢h& datrelational structure
and some test details related to this submodule are illustraftéglire 28.

TST_UGO07_SSO07_AAs shown inFigure?28, this table contains basitformation on the tested
specimen. The information on specimens molded in the laboratory from bulk material includes
initial length (INITIAL_LENGTH), initial area (INITIAL_AREA), moisture content after testing
(AFTER_MOIST_CONT), dry density (DRY_DENSITYand the strength of the specimen as
measured in the quick shear test (STRENGTH). This table also contains additional information
used in determining the moistudensity target, including tha situ moisture and density
(IN_SITU_MOIST and IN_SITU_DENSIY respectively), and the maximum Proctor density
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and the associated optimum moisture content (MAX_DRY_DENSITY and
OPT_MOIST_CONT respectively).

TST_UGO07_SS07_BAs shown inFigure28, this table also contains bagiormation on the
specimen being tested. The table contains similar information to the TST_UGO07_SSO07_A table;
however, it is for undisturbed thimall tube specimens only. As in the previous table, the
information stored includes the initial length (INNL_LENGTH), initial area

(INITIAL_AREA), moisture content after testing (AFTER_MOIST_CONT), dry density
(COMP_DRY_DENSITY), and the strength of the specimen as measured in the quick shear test
(STRENGTH).
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Source: FHWA

Figure 28. lllustration. lllustration of relationships among TST_UGO07_SS07* tables.

TST_UGO07_SS07_WKSHT_CYCLESThis table containthe resilient modulus, loading
conditions, and intermediate calculations for each load sequence. Data for both remolded and
thin-wall tube specimens are stored in this table. The loading condition stress states are a
combination of the confining pressuyitored in the CON_PRESSURE field) and the nominal
maximum applied axial stress (stored in the MON_MAX_AXIAL_STRESS field). The test
protocol typically requires 3 levels of confining pressure and 5 levels of nominal maximum
applied axial stress for a totall 15 unique stress states. (For type 1 materials, only 13 stress
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